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PREFACE 


ThI: following pages arc an attenyit to collf»t such tacts 
(®iK«fning starch and its manufactui'e as appear to bj 
of general interest, and, at the saiHc time^ to draw 
attention to the irrijrortance rf)f this widely distributed 


substance. The writer has, of sjt purpose, refei»ed to 
confin*Jiimself either.to the chemistry, or the technology 


of tlje iHibjcct, but h.as made,many references to 


ijotanical, entornplogical, and other fields, such as folk¬ 
lore, considering Aiat they have equal claims upon the 


interest of the gsncral reader. For it seems to him 
ha/dly nece.ssary to point out that the divisions jf 
scientific study have been made for convenience only, 
and sljpuld not, therefore, be treated as having any other 
foundrfion. 


This small bookts the ouicome oi a collection of notes 


made in tljp first instance witho«t any jdea of publica¬ 
tion, and the sources are not known in all cases. The 
foUovting works have been o4 much help : 3hc 
Commercial Products ; Star kefaj^iWatiitn (Rchwald) ; 
Sldrkezucker (Bersch); Fabrication de la Glucose 
(Itrifscli'.,' Fabrication de la Fecule (Fritsch); and Le 
Manioc (Hnbert and Dupre). 

The writer wishes to express his gratitude to tCe 
following, individuals and firms for their tindnegs in 
allowing him to* reproduce illustrations of which they 
twssess the copyright:—To the Controller of H.lf.S. 
Stationery Office f«r permission to use Figs. 2 and 14 
^o Sl^rs. Macmillan for Fig 7; and to Messrs. Blair, 
CamrCall, and Maclean for Figs. 15, 16, 17, 18, and 19. 


Liverpool. 1922. 
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FOREWORD 

" But wot you what ? The devil as ht^ in the fulnesse 
of his malice, first indented those great ruffes, so hath 
he now found out also two great pillers to beare up«,nd 
maintaino his kingdom, of pride withall (for the devil is 
a kyngt and prince over all pride)., The onc„arch or 
’pitlef" wherewith the devil’s kingdom of great ruffes is 
underpropped is a certain kind of liquid matter called 
starch, wherein the devil hath willed them to wash and 
dive their ruffes, which being drie will stand stiff and 
inflexibve about their neckes. 

^ and then lest they should fall down they are 

smeared and startched in tljf devil’s,liquor, I mean 
startch. ' 

“. . . and. this startch they make of divers' sub¬ 
stances, sometimes of wheate flower, of branne and 
other graines; sometimes of is)Ots and othej thin^?: 
of all colours and hues', as white, rj'dde, Wewe, purple, 
and^^he like." 

^ Stubbs. Anaiomie of Abuses, 1583 . 

“ Sufficeth them, having starched their beards most 
curiously, to make a peripateticall path into the inner 
parts of, the Citie.’’, 

^ Nashe. Menophon, 1589 

Since yellow ba.ides, and saffroned chaperoones 
calftie ap) is not above two yeeres past." 

Ouile's Almamcke, 1618 . 
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(HAPTER I 

HISTORICAL 

^It is not possible to fix with any degfee. of certainty the 
pd^iod at which the, substance now known as starch 
was first recognized. But this absence of know¬ 
ledge is easily accounted for, because starch is, and has 
always been, one of the most important as well as one., 
of the^biost widely occitrring products of the vegetable 
kingdoms and has always constituted a large proportion 
of the staple diet of {he human race, ^t is a matter of 
experience and of fact that the products of plaht life 
which form tlie principal food in all parts, of the World 
have always been those which possess a high stargh- 
content. Every individual both in the most |?rimitive 
as well as in the most civilized natiojx depinds, and has 
depended,-for his sustenance on the important starch- 
producing plpnts. For, as De Candolle {Origin of 
Cultivated Plants) remarks ; " Men have not discovered, 
and cultivated during the last 2,000 years-,a single 
species wllich can rival maize, rice, sweet potato, 
potato, "bread fruit, date, cereals, millets, sorghums, 
banana, soy. These date from 3,000-5,000 years, 
pSThaps in some cast« 6,000 years.” 

*1rhe'above-mentioned cereals, maize, rice, millet, and 
sorghum, are members of the great family of grasses 
which have been cultivated by man from time imme¬ 
morial, the name cereal in itself indicating the great value 
attached to such plants in early hkiioric times. For 
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it is ^§rivcd*from Cerfs, "as the Hujnans called h'er— 
the/D«mctei* of the Greeks—the patron-gAddess of 
•agricuHm'e, ^nd of all fruits of the earth 

But before we proceed further we might ask “ What 
is Starch ? ” A* i;io?lern definition explains it Umk' : 

" Starch is a c»rAohydrate of ui^^etermined chemical 
constitution, found in granules of v*rying size in different 
plants cereals contiyning the highest proportion; for 
'instance, rice approximately 76^ per cent, niaize and 
wheat 70 per cent, jaeas 50 per cent, and potatoes 20 
per cent. But the worditself, now iij popular langaa^^ 
coiSnoting the well-known property *inade use of in the 
stiffening of linen, has been considered by some writers 
to imply ‘ the strongest portion ’ of the meal. * Refer¬ 
ences to starch both as food ajjd a stiffening m«.terial 
are found in many classical writers of earlv date. 
Though the starch in our food is usually in aclmixture* 
with o^ier plant constituents, and* therefore, in many 
cases •the value of (the starchy portion ^of the raw 
vegetable material may be increased by removing husks, 
et^ by «omc sort of n^ing process, tho Greek name 
afivKov (Latip timylum), from # privative, and /ivXov 
a millstone, draws intention to the fact that starch may 
also be obtained without the ndbessity of grJh^ing. 
“ Amulon ” is described as a fine meal, affd also as “ a 
'kind of cake made with barley which is steeped for 
several <i5.ys, and, before it becomes sour, dried on 
linen and made firm by the sun. It ic so called«i>ecause 
it is made without a mill. It is used in medicine, jn 

• 

* The word Starch seems to be derived from the Ando^iaaiffn 
Stearc, and to mean originally that which is or mak« Strong, 
or stiff; cf. Stark, which comes from the same root starr, stiff. 

'* Nis non so strong, ne sterch, ne kene 
That mai ago death’s wither blench.” (MS. Cott. Calig., 
Halliwell). 

” Many a noblen^n lies stark and stiff ” (Shakespeare). 
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food {for which purpose it is customary,to btJNt in 
milk), and,” Cato adds, " to-day we employ st^rcB to 
stiffen clean lineji.” Cato (234-149 B.C.), De'Re'Rustica. 

.Pfiny (a.d. 23-79) attributes tlje discov'cS'^ of starch 
manufacture to the inhabitants of fhe island of Chios,' 
where also, in later •times, the best klhds ware made, 
the Cretan and Egyptian products being given as the 
next bgst varieties. , , 

Celsiei*(A.p. 29-60),» who made " a pure and elegant 
translation ” of the writings of Hippocrates into Latin, 
c4as&s amylum i«,the group of wholesome and ea<ily 
digested foods. Dioscorides also has similar remarks. 

Various dates haa'e been assigned by different writers 
for its introduction into Northern Europe as a stiffening 
agent* for linen. In the fourteenth century mention 
js mada^jOf a kind of starch used by weavers in Flanders 
(W. Flemish “ Ster^sel ”). An early English reference 
is found in a M.S., Norwich Sacrist’s Roll of 1390, 
“ Vestiariui»: pro coole, pro stifrchyng. Viii'’.” But 
the author of this work is of the opinion that the ea^Jie^t 
English description occurs in Aungiers’, account of Syon 
Monastery, founded at Isleworth^n 14K. The book 
was #gpasently pubjjshcd in 1440, and, in an addendum 
to the " Rul^ of St. Briget,” we read : “ The Office of 
Sext^nc—TOen the sexte 3 me of the brother syde hatN 
washe the corporas ones, she withe help of l\fr susters 
schall wa3»he them, sterch them, drye them .... tor 
stercheliem but \ftth sterche made of herbes only.” , 
•At about the same date the author of Promptorium 
piRi»(lorum, speaks df " Starche for Kyreheys." 

*rffe 4ollowing is a translation of a latin recipe for 
starch-making (Sloan MSS., 3,548, f. 102); " Take a 
quantity of bran and boil it in clean water and allow it 
to stand for three days or Jonger, until the water is 
bitter or sour: then squeeze out the water from the 


a—(1458c) 
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brarii aad place your clofii, musliA, buckran. 
ram ’), thread er Vhaf you will, in the cleaV liquor, 
and a/tePA'ards dry it and smooth it with a stone ‘ that 
is, polish th? surface with a slekystone.' ” 

• There is considciable variation in the years assVjSte'd 
to the int,roducth)n of starch into Kngland, which agree 
neither amongst themselves nor 'k’ith the earlier date 
j,alrea"^ given. One writer says that starch was first 
heard of in England in 1561, and was not mueh used 
until 1564, when Mistress Dinghem van der Plassen, 
a Ijjleming, was brought oVer to London as profcssdl: cf 
laundry-work, and to teach publicly the art of starching. 
Her reception seems to have been '■omparable to that 
ROW given to ])ersons of highest rank. 

Stowe may be referring to this lady when he‘*wrotc 
in 1614 that a Dutchwoman undertook to te.’ch this 
art, and that her usual pri''c was four or five pounds to 
teach how to starch, and twenty shillings how to seethe 
the starch. Bpt another Dutchwoman, named Guilham, 
wife of Queen Elizabeth’s coachman, won the favour 
of’ this sovereign and became supi^rintehdent of the 
royal laundries. Her reputatiori extended throughout 
the kingdom, and ‘titled ladies came to take lessons 
from her. About this time there wctc to be seen m the 
,raost aristocratic residences tubs and other utensils 
necessary^ for the preparation of starch, which are 
nov/adays banished to the laundries. Washing, drying, 
hanging out and ironing were performed in the presence 
of nobles, as to-day arc music and other arts. 

Fosbroke also gives the year 1534 as the time whi.ii 
starches of various colours were imported from St^lafld, 
the yellow variety being esteemed the best for ruffs 
and other articles. Stubbs, an exponent of extreme 
puritanic views, has been quoted by way of foreword. 

In The World Tossed 'at Tennis, printed in 1620, 
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five different colaurea starenes arc persoiyfied djitiiintro- 
duced as contendinf' for superioriTy* ^ 

^ blue-coloifi'ed starch was affected by*th? Puritans, 
and this may account for Queen EUzabetfi’s aversion, ' 
in her old age, to blued linen, goifig even so far as t» 
forbid the use of it.J But the nobility^aid n* attention 
to this prohibition, therefore’an edict was issued^ which 
was rand from the pulpit in the Wiurch of St. Bftolgl^ 
Aldga^f,^27th June* 1596. “ Our gracious sovereign 
forbade some time ago any man or woman c4 whatever 
•rank to wear biae^l linen. .Several citizens have dared 
to violate my royal command. Therefore it is the grave 
desire hnd formal*order of Her Majesty that it be made 
known to all people of every rank and .sex,that whosoewer 
maketh use of blued body linen will incur the dis- 
pleasiJsc of thc^ Queen. The offender will be liable to 
the penalty of inigrisonmeitt, the term of which will be 
decided by Her Majesty. Therefore let everyone so 
act as not *0 be punished. Givcfi at Guildhall, 23 June, 
1596.” . . 

The fashion, affecj^cd by iKith thi; great and small, 
by the refined and the vulgar, of^^avinf their ruffs and 
lin«n stiffened wi^ a yellow starch, was an object of 
satire to tbj wits of Ben Jonson’s age. The characters, 
Fabian Fitzdoltrcl and Sir Paul Eitherside, in JonsoiVs 
The Devil is an As.s, are made to say “ Or fj,shion now 
they ta®3 from us. Carmen are got into the yfllow 
starch and chimney-sweepers to their tobacco and strQpg 
•waters.” In another play, ” Trincalo, what price bears 
“jh%it and saffron,*that your bandes are so yellow ? ” 
or dfefin, " Who starches you ? ” 

But it became for a time disreputable -after 1615, 
when Mrs. Turner, employed by the Countess of Essex 
in the poisoning of Sir Thoijias Overbury, ascended the 
scaffold with a yellow-starched ru# about her neck. 
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Star(3f-maki;ig was among the obno'cious monopolies 
revoked by Queen 'Elizabeth in 1601. Her successor 
alttributed” “ great mischief ” to that ahtion, and .de¬ 
nounced tKe' “ excessive disorderly and inordinate 
making of starch ill many places of this Realm,“by 
converting- and consuming of great quantities of wheat 
and other corn fit for man’s food and sustenance into 
Stareff]' and also by the noisome and offensive savours, 
and dangerous and contagious stench arising.ffeiin the 
making thereof in sundry places unmeet for the purpose.” 
Having first prohibited all starch-n^aking throughout' 
the country, James I, in 1607, allowed a restricted and 
supervised manufacture, directing that bran and not 
wheat should be used. A few months later the trade 
was placed under the control of "the Master, Wardens, 
Assistants and Commonalty of the Art or Mys*t!ry of 
Starchmakers of .the City, of London. The London 
grocers, Who were beginning to make their own starch, 
opposed the incorporation, prophesying ■- increased 
pricef. The Company agreed to pay 5s. per cwt. of 
starch in compensation fov loss of custom ; but in 1610, 
all starch-making iig-England and the purchase of 
English starch was again forbidden; because wkeat-'jid 
edible flours were still being used. In 1622, however, 
the Company was revived, starch-making by non-mem¬ 
bers being„thrcatencd by the Star Chamber, and after 
the Restoration it was re-incorporated. 

Jhe use, however, of starch on anytfiing approaching 
a large scale is of quite late date, it being looked upon 
until recently as an article of luxury 'only. For thqugH 
the manufacture was carried on in Holland ill* the 
sixteenth century, it was in quite a small way, and 
not until about the middle of the nineteenth did uses, 
other than those arising in the laundry, boudoir, or 
kitchen, come intoibeing. 
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An English pafeht was taken out in ^707 bfr'^muel 
Newton and others for the manhfacture of sftirch. 
Inji795 John Hart published " An Address to»th*e Public 
on the Starch and Hair Powder IMipnuf^ctuwcf'S,” strongly 
aatfising the consumption of " daftiagcd corn, such as 
is unfit for the purposes of bread •; in J796 John 
Ryder issued “ Some Account of the Maranta ortindian 
Arroi%root, in which it is considered and reconWftnde^ 
as a Substitute for •starch prepared from corn,” and 
descsibeif the process of preparingit; in ISl^Kirchoff’s 

Production of^pgar from the starch of wheat and of 
potatoes by the agency of sulphuric acid ” was 
announced in the Philosophical Magazine. In 1796 
Murray suggested a method of utilizing the horae- 
cheslnut; in 1823 Thomas Wickham used rice. Further 
, irapro^ments were made by Orlando Jones in 1839. 

A patent of Coleman, of 4841, relates to the prepara¬ 
tion of starch from rice by a fermentation profess, and 
one of Brawn and Poison, of 1^54, to, the subject of 
maize starch. 

The chief uses at the presact time^are inihe textile 
industries and paper manufactureyin msScing gums, and 
de3itfin,.also, thoijgh less directly* in the preparation 
of beers ai;d alcohol, by fermentation. For certain 
classes of work, as the dusting of foundry moulds, 
impure starch is used, the Montyon pri^ of 1780 
being ai*irded by the Academy of Sciences to Boux 
for this inventioTi. 
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GENERAL PROPERTIES 

All plants in which the green colouring matter known 
as chfe,>jphyll is presint contain starch, but thf prac¬ 
tical sources of supply are restricted to (a) 'Ctreals, 
such as wheat, rice, jnaize, etc ; (b) tubers and roots, 
such\,as potato and manioc "; (c) the pith of certain trees,* 
as the sago palm. 

The choice of raw materials for tfce manufacture is 
njstrictcd also (a) by the difficulties of removing 
detrimental substances which accompany it in the fhant, 
and naturally is also (J) largely determined hy the 
amount of starch, actually present. 

From ^ the chemical standpoint, search is composed 
of the Aements .carbon; hydrogen, and oxygeg associated 
in the proportions indicated by the formula (CjHi, 05 )„. 
The value'of " n ” is almcy:t certainly not less than four, 
i.e. CjjHjoOjo, 6 and ^probably as' high as thirty, i.e. 
CjjoHjooOjso- It possesses the same general .fornjula 
as cellulose, dextrin, lignin, inulin, and lichenin. 

( Inulin occurs in the dahlia, Jerusalem artichoke, 
dandelion, chicory, colchicum, many mosses and lichens, 
etc.,• and may be prepared by boiling the roats, or in 
the case of the mosses, the plants themselves, Vith a 
difute solution of sodium carbonate, and cooling tha 
resultant liquid in a freezing mititure. The stg,rc}r 
from Iceland moss—lichenin—is easily soluble in»wat^ 
and is precipitated by alcohol. 

Starch is one of the first products of assimilation in 
green plants, being formed from water and carbon 
dioxide under the,, influence of light ; and when so 
8 
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formed in a planj it is maiiily deposited'in the «e^ds or 
root, where it serves as a store of hourishment fo* the 
yoijng shoots. JWhen required as a nutriment‘for thh 
plant itself it is made soluble Ijy tlje agehcy of par- 
ticirtar natural ferments, or enzymis, which convert i^ 
into sugars. This starch is utilized a# plant ^ood both 
when the seeds are germinating or the tubers are sprout¬ 
ing, and also (but at a much slower rate) previ*t«ly to 
germirtaftion and diuing storage. * * 

Starch is found under varying (yinditions ia different 
^arts of the phigt. Towards evening it is usijally 
present in greater amount in the green leaves than in 
the morning, whilst at night-time it disappears almost 
completely from them. The proportion also diffefs 
according to the weather, the time of day, and the season 
,of the*year. In the woody portion of trees and shrubs 
large variations are also f(»und. , 

There is also very considerable variation in (he com¬ 
position ofca plant at different* stages, of its growth, 
h'or instance, the analysis of the Giant, or Mammoth 
Russian, Sunflower cut for Sil^igc ; (Ij beforethe plants 
were in bloom, and (2) after the s(^ds ware fully formed, 
gaiK.tho followingjesults— ' 


Diy 

matter. 

Water. 

1 

Crude 

Protein. 

Crude 

Fat. 

Carbo- 

hydratcJ? 

Fibre. 

AsM 

<l) 24-^ 

“75-67 

1 3-43 

1-24 

10-17 

6-22 

S-27 

<2) 47.69 

52-31 ' 

r 5-06 

2-42 

24-75 

10-16 

530 


"^Ihe amount (as has been just said) not immediately 
reqttiihd is stored up in the plant itself for its future needs, 
or in the seeds, tubers, etc., in order to give a good start 
to the succeeding generation, so man takes advantage 
of this habit and appropriates the supply for his own 
use. 
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It i%!i possike but raihet delicate l)]^eration to deprive 
the.Haf of a'pl^nb, screened from lipht, of its stai'chy 
icontents ,an(j to observe the presence-of starch after 
placing it in a solution of sugar. . , 

Glycogen, found lin*^ the livers of most animals,miay 
'be regarded as^ the counterpart, of soluble starch, 
and as feserve starch-njatcrial, fclaborated from the 
carbjjJvfdrates consupied as food. 

' < Starch is, chemically, a member of the group of 
substance^s known ^ the carbohydrates, r^hiclj, also 
includes the sugars, gums,’and cellulo^. In the eaflier 
day^ of chemistry the observation 'that the members 
of this group, when treated with strong sulphuric acid, 
were decomposed by the separation of the carbon, gave 
iTse to the opinion that they were compounds of cirbon 
and water. Further, it was noticed that hydrogen and_ 
oxygen were usually presept in the same proportions 
as in water This now historic name, carbo¬ 

hydrate, is still retained because the sujrstances to 
which the term had been applied form a natural 
greup witii characteristic, peculiarities of structure and 
behaviour. 

The various types'of sugars—(beet, grape, fnan^ite, 
glucose, etc.), cellulose, fruit aci^ (citric, tartaric, 
malic, etc.), and other groups of plant substances all 
dWe their origin to the various chemical changes which 
starfh undergoes in the living plant. »i 

Two members of the sub-group of carbohytlrates, 
known as the “ poly-saccharides,” have an importance 
in Nature not exceeded by any other erganic compouijd-^* 
these are starch and cellulose. The other sub-gr»u^ 
consist of the " mono-saccharides,” or simple sugars 
such as grape-sugar and fruit-sugar, and the group of 
" di-saccharides ” as cane-sugar, milk-sugar, and malt- 
sugar. All the n^embers "of these two last-named 
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sub-groups possess properties such as aje coAfUpnly 
associated with sugar; a resemblarfce" which is^ nlhch 
less marked in tfie poly-saccharides, for they aie mostly* 
tasteless and hardly soluble in wpter,, thou^ some of 
tliemf swell up in that medium to*form "colloidal” 
solutions. 

Starch always occurs in jNatmre in the lorm ot grains 
or gramjles, which appear to be buik up in layers SfSund, 
a centrtd core or nudeus. The shape of the grains, 
however, differs somewhat with theJeind of plaint. The 
gfanules of most •sjarches possess characteristic foi?n.s 
and frequently also distinctive markings, so that an 
examination by means of a microscope will usually 
reveal the source. The average size of the grains is 
also a'‘useful guide. ‘ 

, The action of dilute acids on starch causes the change 
known as “ hydrolysis," producing a series of products 
which bear a rather bewildering series of names? And 
though a gseat amount of investigation has*'been 
devoted to these intermediate products, as ye\ no 
absolute agreement has been r«ached on the slfbject. 

The following list may, however^he tafeen as suifici- 
ently^ comprehensive for our purpose—the names are 
given in the order of formation: Starch, amylo- 
dextrins, erythro - dextrins, achroo - dextrins, maltose, a 
dextrose. 

The number of intermediate products has befen 
notably‘'increased“by a few workers, but it is highly 
puobable that some names do not stand for distinct 
“Critical individuals, *but rather for complexes of starch 
molecttliis in varying degrees of disintegration. “ So 
difficult and complex is the subject of starch hydrolysis 
that it is predicted that chemists will not be united on 
it even on the bi-centenary in a.d. 2014 of Kirchoff’s 
observation. Kirchoff was the firsb to observe the 
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pro^B(!tion of crystallizable sugar, from starch. In 
alrfios^ all cases- siveral reactions an proceeding at the 
same‘time.V (Brown.) ; ^ 

It may*-be nientipned here that one of the most 
sensitive and charhcteristic chemical reactions of Starch 
is the pi^jductidn of a magnificent Wue colouration when 
treated with a solution-of iodine. The combination, 
whftlter phy.sical or-chemical, is of a rather lo«se char¬ 
acter, since the colour is entirely removed on'heating 
to near the boiling point, but returns on cooling ; and 
thf intermediate products named, above are mainly 
distinguished by the tint obtained, or, in some cases, 
the absence of colour, when tested with iodine; 
t Many ferments, like those present in saliva (ptyalin), 
pancreatic juice, and especially Hie diastase of malt, pro¬ 
duce a .somewhat similar change to that effected by acid^. 

Certain of these ferments, or “ enzymes,” exert a 
most powerful action on gelatinized, as well as on many 
varieties of r^w, staMi. The first visible result of this 
enzyme action is the complete liquefaction, usually in 
a very Siiort time, a f^ minutes only in the case of 
malt extract# Sta^h paste, for example, which has 
been prepared for 'decorators and japer-hangers,^ pnder 
the influence of the enzyme of saliva, is frequently 
(rendered useless in a few hours without the true cause 
being suspected. 

Cn the case of the action of diastase, con-W-rsion pro¬ 
bably proceeds in two stages, and it Is likely tflat more 
than one variety of active agent is present in the maJt. 
The first stage, which causes liquefaction of the jtalAi' 
and stops at the dextrin condition, is due to “ aniyluse*” ; 
in the second stage another ferment, " dextrinase,” 
changes the dextrin into maltose. A third stage may 
be due to the action of “ ^lucase,” to which is attributed 
the power of charging maltose into glucose. 
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Bacteria grow fraely on most starcn passes, but spme 
undergo decomposifton from their presence more readily 
than .others. It.’-s on record (Villiers) that a 5^r cent 
sta,rch paste was completely liqyefied hy*'bacterium 
amylohacter in twenty-four hours, the product being 
dextrins. Under the action of bactfnum biUylicus, 
or hact. subtilis, up to about 35*per cent of butyrioacid 
and 10 per cent of acetic acid is •'produced, tofrtlier 
with smaller amounts <of other organic acids. To this 
fact owe the unusually disagreeable odou>' of fer- 
mfinting starch, tttjier organisms render starch capable 
of being converted into dextrin. 

Industfially, the ‘hydrolysis of starch is carried out 
with two objects in view. The first is the preparation, 
of alcohol from grain. ‘After steeping, malt is added 
tp the gi'ain to convert the starch into maltose, which 
may then be transformed into alcoholrby yeast. The 
other type of hydniysis consists in the conver^on of 
starch by aciis into commercial gftcose and dext^in. 

Starch is regarded by most workers in this branch of 
chemistry as consisting .of two distinct but vei^ similar 
substances to which the names amj'lose, ‘or granulose, 
on the, one hand aqd amylopectin, or starch cellulose, 
on the other, .have been given. 

The amylose constitutes 80-90 per cent of the starchy 
grains, and is converted into maltose (malt sugar) by 
the actionlif diastase : the amylopectin being liquefied, 
but not converted'‘into sugar. Similarly, it is held b^ 
some writers that the amylose produces a solution but 
‘Bo^a iellv. the cthef component being responsible for 
this fKature. Amylose represents the soluble form of 
starch and, when dried to a fine powder, is soluble 
in cold water. It gives a clear blue with iodine, amylo¬ 
pectin showing a violet tint with this reagent. Indeed, 
according to Maquenne and Roux, tbe grain of starch 
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is gf species of solution of amyltse thickened with 
‘artiylopectin. • * r 

Wften the layer of amylopcctin isl quite iiitac/, the 
starch granules, are .not affected by cold water, but if 
ruptured by grinding, water is rapidly absorbed'and i 
small ^ount* of matter passes into solution. By 
repeated washings the Mell-contents may be removed, 
th^duter coating ‘remaining behind as an wctremely 
*thin skin of starch cellulose. Starch is alpcT msoluble 
in alcohol, ether, vt similar solvents. 

.A readier method of separating the components*of 
starch is to treat a starch-paste with diastase or cold 
extract of malt. This reaction dnly requires a few 
.minutes, and the cellulose may be separated bi|j filtra¬ 
tion. The amylopectin obtailied in this way is not 
acted upon by water heated to 18.5'’ F., but boilihg water 
converts a part of it inti partially soluble starch, but 
it do& not become entirely so, even after prolonged 
boilifig. A dilute caustic soda or a potash solution will 
dissolve the amylopectin entirely, and by acidif 5 dng the 
solutior^with acetic aaid it is^ precipitated, provided, 
however, that the |.'kalinc solution has not been boiled. 
When heated with water to abou/ 50° C. (122°ffc) the 
granules of starch show signs of bursting, but all are 
.not ruptured until the temperature reaches /ibout 
70° C. (158° F.) when the whole forms a thick viscous 
liquid which sets to a jelly on cooling, oi*'a^ gummy 
mass when dried. ‘ 

The temperatures at which starches of differ^! 
origin form the familiar jelly-like* pastes are giw"^on** 
page 15. The younger granules show signs of Vi&sting 
first, the older earlier-formed granules being the last to 
change. 

Other investigators have published results differing 
from them, e.g» for wheat-starch 80° C. (176° F.), 
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iiLc oi V.. (179° F.),.maize 75°'C. (167° F.), potato65,° C. 
(149° F.), but probjlbly they refer to'starches in vMy‘ 
crude^and impure,‘states. 


Ctngin of Starch. 

Rupture 
Ck-arly 
,, Marked. 

Gelatinizing. 

Rye 

« 1 

1 Degree (Sent. 

Degree Cent. 

. ' 45 

50 

Maize 

50 

55 

Chestnut T* . 

» 52 

56-25 

Barley . * . 

37 

57-5 

<Horse rhesinut 

52 5 

58-75 

Potato , 

46-25 

58-75 

Rice 

. ' 53-75 

58-75 

Arum mat vlatum . ^ 

50 

58-75 

Tapioca . 

50 

62‘5 

Arum esculoutum 

45 

63-75 

Wheat . 

. r 50 

65 

Maranta luuiidmacca. 

66‘25 

66-25 

Sago 

66-25 

66-25 

Buckwheat 

. 55»» 

6S-75 

Acorn . . . * 

. ; 57-5 

77*5 

1 “ 


Complete 

Gelatiuizing. 


DcgreCfCent. 

57-75 
.JS2-5 
62-5 
62-5 . 

61- 25 

62- 5 
68-75 
68-75 
67 
70 
70 

71-20 

8T*55 


When examined under a microscope of sufficient 
power, the granules appear to jse made up of *4 series 
of layers. The outer layer is the,oldest in point of 
growtj}, each interior layer being younger and less 
compact than, the one immediately surrounding it. 

Starch paste, if prepared from highly purified material, 
remains unchanged for a long period in air which is 
free from \iust; ordinary, i.e. not specially purified, 
starch frequently Becomes sour in a short time. This 
sourness is due, in the first instance, to the formation 
bl l^tic acid, followed at a later stage by acetic and 
bu^E <acids, as a result of the action of certain 
ferments. 


The outer walls of the starch granules may be dissolved 
by other chemical substances besides caustic soda or 
potash, the action of zinc chloride being, of some interest. 
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^tefch forms a definite'compound.with soda or potash 
■(Iwt Aot wit’h ainfnonia). When th^se alkalis are added 
to star*h paste, the amylopectin is llissolved and the 
liquid betpmes,transparent, and remains so even after 
the neutr;dizatiort of the alkali by acid. 

The jemi-tr*nsj)arent starch paste made by boiling 
starch with water is not a true solution, as may be 
shwMj by the fact that it may be frozen out of the water. 
'For the purpo.se of preparing starch in a pure'Aindition, 
a 1 pe* cent suspension of starch in water is, frozen, 
causing most of the impurities to pass into solution.’ 

By prolonged boiling with water starch passes into 
solution, one part dissolving in fifty parts 'of water. 
The same or a similar change may be effected more 
quickly by heating to a highci>’temperature; at*150°C. 
under pressure the change is rapid. , 

Another, or perhaps idtmtical, form of soluble starch 
may be prepared in various other *ways, such as by the 
actidn of hydrochlftric acid or malt extract. When 
made thus it is only slightly soluble in cold-water but 
readily “dissolves at §0-70° C. The manufacture of 
soluble starch is ^alt with in another section. {See 

p. 88.) • , . ,, 

Wlien starch is heated to the boiling point with very 
dilute acids, practically no starch paste is formed, the 
substance being transformed into soluble starch, dex- 
tiKis, aiid maltose. When acted upon in Izie cold by 
most acids (not acetic or oxalic adids) an iiimediate 
’swelling of the granules occurs. » 

As usually met with in ordinaiy life, starch is ^ biH-^* 
liant, tasteless, inodorous white powder. ConiHercial 
starch contains about 18 per cent of moisture which 
can be removed by very careful heating in a current 
of dry air at about 105° C.; and thus dried, it rapidly 
regains the watej- it losf on exposure to ordinary air 
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and, in a moist atmosphere; may absorB as much as 
35 per cent of moi*ure. • . * * • • 

When perfectlj dry, starch may be heat«d ^o hbout' 
160°t^. with little or no change in ap]jeara®»e, but at 
higher temperatures it becomes yeHowish in colour; 
but ordinary starch, ie, that which contains moisture, 
is rapidly altered St the temperature mentipned. 
Starch, jt should be noted, is alieut one and«a*he.lf 
times hftwier than water (Sp. Gr. 1-505). * 

Althpugli starch is one of the rr|pst widely .diffused 
subsfances in organic nature, occurring more or less 
abundantly in every plant that has been examined, fhe 
number of comme»cially important raw materials for 
its manufacture on a large scale is not large. It is^ 
howe'^er, found in grea* abundance in the seeds of all 
^ereals ms well ;is in those of leguminous plants (beans, 
peas, etc.), in the stems of vmrious speyes of sagus and 
cycas, in the roots cS many plants mainly of the eJlrphor- 
biaeeae and singiberaceac, and in the tub,prs of potato, 
canna, and manioc. Since many of the.se are also food¬ 
stuffs of great importalice, it self-evident tilat fliefr 
industrial uses cannot take the plac^of*tli# food require¬ 
ment of .mankind, which must be'considered first of 
everything in importance. 

Among the commercial products of the world vege-^ 
tables are a most important item, and their value as a 
food-stuff*needs no emphasizing. The inhaHltants»of 
the woitd could stfbsist without animal flesh, with some 
difficulty they might subsist mainly on cereals, but mo^t 
Teh^inly they couW not live without vegetables. 
Practic^y every nation, primitive and civilized alike, 
cultivates a few plants as vegetables. It is, therefore, 
high time that some organization was set up to maintain 
on a permanent basis, a survey of the food resources of 
the nation, as initiated by the’ Food (JVar) Committee of 
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the Rpyal Society, but unfortunately work of this kind 
■does not apfje^r to be anybody’s bifsiness. 

The ijan^e starch is commonly applijid to the material 
obtained'^rom ^1 sources, but the origin is sometimes 
indicated by prefixing the name of the plant from which 
it is usually prepared, c.g. potato starch, rice starch, 
etc.,jSometimes the word starch'is omitted, as in sago, 
arrtsK'oot, tapioca., , 

■ The following table will give the approximate amount 
present,in some o[ the more important raw materials 
used lor starch manufacture— 


Potato 

. 18-20 per cent. 

Wlieat 

. 53-60 

Rice 

. 50-75 

Maize 

. 55-65 „ ' 

Manioc 

. 25-40 


(Dried root, 75-^) 


In the manufacture of starch ttie separation of the 
non-starchy portion‘of the plant is effectsd mainly by 
mechanical means; the treatment in outline consisting 
fh \eari»,g open the pJant-ceU^ by crushing and dis¬ 
integrating, and th^ washing out the starch with water. 
By the careful sieving out of impurities and ajlpwing 
the milky starch-water to settle, starches of varying 
^ degrees of purity are obtained. Mechanical methods 
suffice in the case of the potato, but more complicated 
m«des o'! procedure are necessary when dealing with 
wheat or rice. The raw materials, far as iSurope is 
Concerned, are potato, wheat, maize, and rice, and the 
selection is based, in addition to locality, on 
yield per acre, (2) yield of starch per acre, [9, tStarch 
content. 

We have noted that wheat contains 53-60 per cent 
of starch and potato only about 18 per cent, but the 
yield per acre is, in favour of the latter. The usual 
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English potatoes contain only about 13 pef s;ent 
but some Germaij varieties, by pAlsnged selectibn’ 
contjin about 11-24 per cent, or even in very special* 
cases 28 per cent. . • 

It fhay also be remarked here that diseased or over-, 
ripe grain or tubers (Jontain far less ste»cb thjn sound 
material, and that in cold seasons the yield ia also 
diminislied. 


3-(l458c) 



CHAPTER III 


POTATO STAECH 

The potato is still found in a wild state in Chili, in a 
forili 'very similar to the well-known garden plant. 
Its cultivation seems to have been diffused ir'om that 
country to New Granada long before the discovery of 
America, and to have spread to the newly colonized 
districts, now known as Virginia and North Carolina, 
towards the latter half of the sixtee^ith century. From 
the New World it was first imported by the Spaniards 
into Europe, and reached England circa 1580-85, at the 
time of Raleigh’s voyages to Virginia. 

This valuable tuber, therefore, reached Europe 
towards the close of the sixteenth century, and a 
striking indication of the intere.st attached to the 
novelty is found in Gerarde's Herbal, published in 1597. 
For Gerarde, in presentmg his own portrait, elected to 
hold in his hand the-flowering branch of a potato plant, 
which he had cultivated in his own garden. (Fronti.'j4ece.) 

In the time of James I potatoes cost two shillings 
per pound, and are mentioned amongst the articles 
provided for the royal household in 1619. 

F'arina, as the starch from the potato is usuaSly named, 
is extensively produced in Germany and Holland, the 
imports, previous to 1914, of this substance into England 
being about 38 per cent from Germany; 25 per«/-enl; 
from Holland ; and 25 per cent from America." 

The Dutch potatoes are mainly grown in the 
Veencolonien, or turf colonies, of Groningen and 
Drenthe. 

The size and quality of the potato crops are generally 
20 
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known about the miaoie ol uctober, anathf man^acture 
of farina is therj in full progress so rihat it ipay* be 
transported to 'the ports before the cloSe bf inlancf 
navigation. 

In* appearance farina is a glistening wiiite powaer« 
which gives a .scmf-transparent characteristic paste. 
With the exception of maizfi, farina gives a lliicker 
paste than other starches. Thin* paste or siz?*fliadft 
from fariipi must not* however, be subjected to a pro- 
, longed boiling, as by so doing it quickly lose;? its adhe¬ 
sive properties. 'Caustic soda is used as a preventive 
of decomposition, and to counteract the thinning of 
the size’and so to'maintain its “strength.” 

Fajina is much used for light sizing, and in conjunctic* 
with other starches fof heavier sizing of textile goods. 
Jt is aSso employed for the filling of the opaque and 
white soft soaps, qjade on tlie Continent, especially the 
German “ silver soap.” ^ ^ 

The tubeft may contain as much as 60 per cent of 
water and is rarely less than 70 per cent. Those.wi^h 
the lower water contest give i' meal 34 ” pota^es when 
cooked, those with more water anvless ihadily crushed. 

Th« mineral con^jtuent most abundant in the potato 
is potassium, phosphate, and it is unfortunate that in 
the usual method of cooking—quite indefensible from a 
chemical standpoint—^the valuable salts of tb^ root are 
lost. , * * 

9 0 

The starch manufacturer will naturally select tjje 
Jjriety of potato which contains most starch, provided 
tlr«* other qualities,*such as thin skins and good shape, 
are frdsent. 

The grower of the potatoes must, therefore, on his 
part, pay attention to the time of ripening, resistance to 
disease and adverse climate cjr soil, and to good keeping 
properties. 
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A ptisonous substance,- known as solanin, occurs' 
am«ng:tt the nitrogenous contents of |thc potato, but is 
vxceecringly .small in well-iipened tubeis. The “ crude 
fibre ’’ doe*..not usually exceed 1 per cent, and is derived 
from the cell-walLs and outer skins, but a high<fibre 
content is detrimental. 

It ijj important to the _ starch-maker to be able to 
estinsiite the probable quantity of finished^, starch 
dotainable from a batch of raw' potatoes. The campling 
of the bu,’k must be,done with considerable care, pr the 
figures obtained will be too uncertain to afford |;ood 
control of the whole process. The chemical methods 
of determining this starch-content are rather .compli- 
(^ted and require some time to perform, also they 
cannot be done by an unskilled, person. To get over 
the difficulties of the chemical methods a far cimpler 
way has been wfprked out, depending merely on the 
specific; gravity of the potatoes. The data obtained by 
such Methods, are fa. from absolute values, but are, 
if the weighings are carried out under identical 
ccJncfitior..,, relatively useful. 

The volume, of ^atef displaced by submerging a 
known weight of potatoes, or the difference in .weigj^t of 
a fairly large bulk of potatoes when weighed in air and 
in water are compared. A variety of weighing con¬ 
trivances have been devised to make the whole estima¬ 
tion simple and as free from error as possible; so that, 
by reference to a table calculated for the purpbse, the 
starch content can be determined with ease and rapidity.- 

One type takes the form of an enlacged " hydroraetei'.’^ 
A known weight of tubers, say 10 lb., is introduced into 
a wire basket suspended below the spindle. The whole 
is floated in a vessel of water and the starch content 
is read off from marks on the spindle. 

In all cases it is,absolutely necessary that the tubers 
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are freed by washing from all adherent soil; an allow¬ 
ance, however, h^r the water retaifted loeing j?ossiblfe, 
the^ necessity oj drying before weighing *nay Be thuff 
avoided. . • 

Usually the potatoes cannot be wSirked up for starcl^ 
directly they arrive* from the field, •nd tlj^e storage 
requires much care or considerable loss of starch may 
occur. «Since the life-process dees not ceagt»*after 
removal' from the soil, if the temperature is suitabl?, 
the farmafion of sugar may intervene and a cejrrespond- 
ingloss of starchy amounting to as much as 40 per cent 
or more in half a year, may be caused. The total loss 
of weight of potatees during storage is due to a number 
of causes. There is, for instance, the loss due to evaporj- 
tion of water, as well as that caused by chemical changes. 
,The cWef of these changes are probably (a) formation of 
sugar from starch ; (b) the production,of carbon dioxide 
and water as a ^sult of “ breathing ” ; (c) ^he re¬ 
formation «f starch from the sufar. AJ: tempeftitures 
near the freezing point (a) is still active but (b) much 
reduced, resulting in ^ marke^ sweetening in Ihe taste. 
When the temperature rises (b) i^ speeded up and the 
sug^ consumed. ^The third change (c) is not very 
much in evidence. 

The range of temperature in the store should noj 
pass’the limits 32°-45° F. The “ sweating ” of potatoes 
in the heaps is due to the heat producefl by»the 
“ breaftiing ” of flie tubers, and unless care is taken, may 
cesult in great loss through the growth of moulfls. 
'In ease of heatinghhe “tump,” or “hog,” should be 
opened and re-made. 

ITie mould, which is chiefly responsible for the decay 
of potatoes, is the phytophthora infestans which converts 
the pulp into a soft slimy mass from which starch cannot 
be separated. A very small numby of infected tubers 
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may c^use thi destructiori' of file vV’hoIe heap in a few' 
weelfs.* 

i. The*^" ^kiij spot ” disease in which {he (ubers become 
dotted witf^ small dark spots during storage is dife to 
a mould known as ohspora pustilans. This bringr, dis¬ 
figurement, amj almost certainly also serious injury to 
the tpbers. 

Tlifjfirst treatment of the potato, preparatory to the 
‘ extraction of the starch, is to thoroughly clean the tubers 
from all ,dirl and stones. The amount of the adhering 
soil and the admixed stones is variably, but may ambunt 
to 'zO per cent of the total weight.' The usual form of 
washing machine is a revolving lattics-work dram which 
is slightly inclined in order to assist in the forward 
movement of the contents. , ' 

In some large works a softening of the adhergig clay 
and preliminary rough w;|,shmg is combined with the 
transport of the potatoes, by means'-of troughs through 
which, a stream of water is flowing. „ 

Many other types of more elaborate construction are 
also'm B.'.e, the chief aim being to avoid hand labour 
as much as po,ssiMe and the use'of excessive quantities 
of water. ' 

From the washing drum the cleafised material glasses 
on to a contrivance designed to removA any stones 
which may have been too large to pass between theTbars 
of ,the dtum. This “ stone catcher ” is an inclined 
trough through which passes a shaft; carrying ‘spirally 
placed arms. The rotation of the shaft and the actiop 
of the arms causes the tubers to rub upon one anothuB— 
and to be repeatedly plunged into the water in the tr^h. 
The arrangement of the arms carries the tubers to the 
upper end of the trough and empties them either 
directly into the rasping machine or on to a band- 
conveyor. In .some faetbries the treatment in the 
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^one-catclier precedSs the waffihihg in the drum, the 
two machines are assembled into 4 single on* Vjth 
two separate compfartments. 

Tjfe moving parts of all these are constructed m such 
a ’majjner as to avoid any crushihg, or cutting of the 
potatoes. 

The cleaned tuber? are now_ rasped to a tm? pulp k 
machines specially designed to teaj open the ce^^anc 
set the, (Contents free^. It is obvious that inefficient 
action wilballow much of the starch to remain withk 
' the ctfl, and if th^granules are them^lves mucli reduced 
by grinding, loss wilbfollow in the subsequent operatiffiis. 
Therefore, it is sqmetimes advisable to perform the 
rasping in two stages, millstones being used for the 
second stage. 

A fojm of rasper which is frequently employed, 
tonsists of a casing within ^ which a hollow cyhnder, 
provided with saw-*)lades on the innef surface, *an be 
rotated at a ^eed of about 1,000 r 9 *?olutions per mjnute. 
The potatoes are pressed against the blades by a single 
block, or pair of blocks of wood or metal, whicjj cam be 
adjusted by screws. Water is forced iti and carries the 
pulp through the narrow spaces be^veen the blades into 
a re? 8 iver beneath* the machine. The blades requke 
frequent shai^iening and renewal, and the arrangement 
of tlft drum allows this to be easily done. In some* 
tpqies th^ whole drum can be replaced by a«new one, 
and los» of output during the re-setting of the blades be 
^us avoided. 

• •Large machines aije capable of pulping about 12 tons 
of'pfj^atoes per day. The efficiency of starch extraction 
is very important, as the starch left in the pulp has a 
much lower monetary value in the form of cattle-food 
than as a finished starch powder. 

The yield, though dependent on the efficient working 
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of a series of’machines, affecte(^ most of all by the 
losfe*s ‘jncuTTfd, through bad worki^ig of the rasping 
■ machmef. , 

TherefoK^, the installation of a second rasping machine, 
to deal with the rosi'diial pulp left after extraction b' 
once-treated rj.aterial, is often ..unavoidable. These 
seconfl-sfage rasping machines afe usually similar in 
desigp, to the first-4uty machines, but fumisljed with 
three or more blocks to press thf material against the 
blades, apd the latter may, with advantage, be provided 
with finer teeth. 

The chief difficulties are due to the necessity of 
opening the cells to free the starch granules so ihat the 
stream of water washes them out and of avoiding the 
grinding of the starch or accompanying fibre. * Any 
particles of fibre of small size pass forward with th«- starch 
and may introduce computations in later operations. 

In another type of rasping machiile the pulp is partly 
freed ifrom water by'a worm working in f. perforated 
compartment, and is forced against a high-speed grating 
dlurfi. This form is readily adaptable as a second-duty 
machining aftep the first separation of starch and requires 
less power than millstones. The machines copied Jrom 
the domestic graters, are now but seldom used, for the 
product is not sufficiently fine and the cosV of renewals 
of the perforated graters is very high. The differences 
in cjharacfcr of the pulp coming from the raspingcnachines 
arise from variations in the fluid content of thep6tatoes, 
but this can, to some extent, be met by adjustment of 
the amount of water used. 

The fluid from the machines consists mainly .of^e 
tom cells and their contents, both liquid and solid, as 
well as portions of the outer skin of the potato and 
undamaged cells. 

The next operations have for their object the 
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tomplete separatio!i of 1h^ starch frciin th^ other 
components. 

This separation hf the granules is entirely, m^chunical/- 
Jets*of water are directed on to the pulp vjhich lies on 
sieves of the requisite fineness, "fhe* process is assisted 
by brushes. 

The old hand-metlfods which demanded much Jabour 


•^4 



Fig. 1 

JtEPRESENTATION OF ALL THE NECESSARY OPERATIOl^S 
IN THE MANUFACTURE OF STARCH 


and time, have now been superseded by mechanically- 
driven machines (Fig. 1). Sieves are mounted in such a 
way that a rapid .shaking motion can be given to them, 
and jets of water from above the sjeves wash out the 
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granulqg which pass along ft.e trouglf fixed beneath. Thi^ 
f@r{n*of appaiatus,is usually employed to separate the 
.starch Jrom the first-stage rasping machine, the residue 
retained by the sieves being further disintegrated id the 
second-stage raspijr/ Many other types of sjgving 
'machines are ijj use, the principle being the same in 
all casesl • 

The .sieves may be^ horizontal and stationary .and the 
•krusbes rotated, or, as is probably more frequfut, they 
may be of cylindrical form with rotating brushes inside, 
or finally*the .sieve-cylinder may itself Ije rotated (tig. 2). ■ 
A good deal of floor-space is saved’ by assembling the 
shaking-sieves and cylinders in a combined ijiachine. 
The material is treated in the shaking sieves, which 
deliver the starch to a cylindrical,sieve below for further 
separation. , 

The milky liquid from .(he sieves will deposit the' 
suspended solids* on standing, forvthe starch settles 
fairly .rapidly while the liquid cell-content? remain in 
the water. Iri warm weather the liquid readily decom¬ 
poser an^ consequently must be removed as rapidly as 
possible. 

The starch in tK; pale brown deposit undergoes 
various processes of purification, bated on the pl^sical 
and chemical diflerences of the constituents of the 
Inixture. The specific gravity of starch is greater'than 
that of tfie unopened cells or the skin of tj>e tubers 
anj so settles out more rapidly, also the starch granules 
a»e more resistant to chemical change. , 

The settling of the starch can Jje accomplished iiv 
vessels provided with means, such as an adjustable,f5pe, 
to remove the wash water from the sediment of starch 
without disturbing the latter. The same result may be 
achieved by allowing the starch liquid to flow along a 
series of troughs in which the solids are deposited in 



Rotating cylinder d ... Scoops or paddles 

Shaft « ■ ■■ Water spray 

Brushes f ■■■■ Collecting trough 
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fhe_order of their specific gravities. The trough method 
requii'es a gciod, deal of ground space, but the necessary 
labour ,is much less than that ndei^ed in the other 
method. ' fientrifugal machines are also i^ed, the heavier 
starch collecting on the walls of the rapidly rewolvirg 
drum, the w<Ver and the lighte’’ particles passing off 
nearer fhe centre. ‘ 

Ev»*her purificat’on is effected by stirring up the 
"starch with more water and set.'ling a second'or third 
time, and finally washing away the impurities, which 
have settled on the upper surface, with water sfraj’s.' 
Tliese final washings are carried but similarly to the 
first; or washing vessels, provided with special devices 
,for collecting separately the upper surface starch, may 
be employed. The upper layerr. are then re-waslfed. 

Chemical treatment may be necessary to assist rapid 
settlement, to prevent femientation, or to improve the 
whitehess of the starch. Raw staVch settled from the 
pulp** contains varibus impurities such , as cellulose, 
albumenoids, fragments of pwtato, etc. To hasten the 
fepkrarijn of the re-washed starch, small quantities of 
alum or sulphuric acid may be used. The alum, how¬ 
ever, has the disadvantage of coagulating the albumen 
and to that extent contaminating “the starch, tKe sul¬ 
phuric acid has a slight chemical action'bn the starch 
itself and is also difficult to remove. ' 

.When" the tubers are more or less affected<by disease 
or frost, great difficulty is experienced in seturing a 
Speedy and complete precipitation of the starch, and 
various re-agents such as calcium b*-sulphite, sulphurdus 
acid, or caustic soda solution may be called into use. 

The potatoes used for starch manufacture, Fabrik- 
kartofdn, contain on an average about 18 per cent of 
starch and, with good working, this will produce about 
14i per cent of ^commercial farina of “prima” or 
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superior quality and 2| per'cent of inferior schlafim- 
staerke. Good samples of farina should lie free freni 
specks (siippen) dnU not contain any acid. . , ' 

If-the starch, now containing a,bout, 50 pLr cent oi 
watery is to be worked up into sylup, etc., nothing 
further is required, bat for other purprses the water 
content must be reduced by drying to about 20 per .cent. 
Since the water in the raw substance cannot be rewwed 
by pressing, and air-drying is a very slow process, the 
starch,is liable to become impure through exposure to 
dust and in very ^rcat danger of fermentation. Owing 
also to the ease with which the wet starch gives a pasty 
mass with water, only low temperatures can be used 
to hasten this removal of water. By the use of centri¬ 
fugal ‘machines the water can be reduced to about 
-JO per cent, and from this stage artificial warmth can be 
employed with less danger«'of damage. The drying 
chambers are so designed that a current of warm air 
at 20°-30‘' C» passes through therit, and ,the moiSture- 
laden air escapes by shafts at the top, or is exhausted by 
suction fans. But grejt care js necessary in ?rder to 
maintain the correct temperatures and to secure con- 
tinuojjs and complete drying I he drying process 
usually requires about two days but is naturally depen¬ 
dent on the original moisture present in the starch,^ 
physical condition, and other factors. The drying of 
starch may be also satisfactorily carried out fn tunjiel 
dryers. * In these' the starch is mechanically carried 
ferward at such a speed that it is delivered at th% 
o*ullet in a dry condition. 

Another type is constructed with a series of endless 
bands between which are steam cods, and by such means 
the duration of the drying operation is much shortened, 
and the ground area occupied by the apparatus is 
lessened. The risk of gelatinizing ^he starch is also 
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rran-nJiMd, .;vnd other advantages are achieved by 
erfiploying a vacuum drying machin^. ^ The low pressure 
causes Wie ‘tnoisture to be given off at a tempeiature 
below that? at which, gelatinization takes place, and the 
moisture can be reduced to a figure much belo4 that 
of ordinary cif.nmercial starch (^bout 20 per cent) or 
even' to complete dryness. 

, 7h^ temperature td the drying chambers is irlsufficient 
to remove the whole of the Water from .starch, this 
requiring a tempeiature of about 1I0°C. Dry Starch, 
rejdily re-absorbs moisture and .sdon regains about' 
20 per cent. If the product is required in lump form, 
drying chambers give the best result, but if in powder 
•form the other types are preferably used. , 

Starch factories necessitate" enormous supplies of 
water, amounting to 1|-2| cubic ft. for every liundred- 
weight of pota.‘.oes. Th(5 disposa,! of all this waste 
wash-water requires^ many acres of land for disposal 
purposes, varying from about 5 acres for lilnall factories 
^o §5 acres for laree esfatilkli mpntc 



CHAPTER IV 

CEREAL STARCHeI 

In the temperate regions of the world wlicSt js tlie 
princip^ cereal, but as wo go farthgr northwardsJ^ley, 
oats, a»(i rye increase,in importance. For these cereali* 
will tjirivcf under conditions not sjjited to wt^eat. 

. Starting again irom the temperate zones and travelling 
gradually southwards (or in the southern hemispBere 
northwards), we pass through the warmer countries 
where the cultivation of wheat is usually as.sociate^ 
with that of rice, maize, sorghum, etc. Further south, 
in the tropics, true wheat will not thrive at low eleva¬ 
tions, and the above-mentioaed grains with the various 
millets form the gi%at cereal crops. Sometimes* how¬ 
ever, this wfrd " cereal ” is exteiMed to include buck¬ 
wheat and other starch-yielding plants, though they 
are not true cereals. 

The three chief groups of " ^heat " ate— 

(1) ^Small-spelt {Triticum monococcum). 

(2) Wheat-spelt hnd rice-spelt {Trit. sativum). 

(3) Polish wheat [Trit. polonicum). 

The first of these has practically gone out of cultiva¬ 
tion in^nTost countries since the yield is small in c«m- 
parison with that’of the second group, but as it is veiy 
hardy and produces fair crops, even in very poor soib 
Mid in stony places? it is still to be found growing in 
southern Spain, and, to a lesser extent, in the moun¬ 
tainous districts of France, Germany, and Switzerland. 
Grains of the smaller spelt have been found in the 
Lake Dwellings of the Stone. Age, a proof of its great 
antiquity. And though this form Jis not extensively 
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cultivated at the j)resent'time, it was in former days 
fhft chief cereal fjf Egypt and Greece, and was dis- 
‘ iribut'edjiydhe Romans throughout th'eir whole erqpire. 
It may ^rovc„ of .groat use even now in certain 
dry regions of North America where irrigation is 
impracticable, j 

AlUthe other groups of " wheat'” are descended from 
this*‘ASmall spelt ” gi'oup. As we have remarkad above, 
*pilt'-building Neolithic man cultivated his com* in this 
shape, Mid certaia authorities have put the date of 
th^ first harvest fields at between M),000 and iKoOO 
years ago. “ The anciimt civilizations of Babylon, 
Egypt, Crete, Greece and Rome were largely* founded 
4 >n wheat, and it is highly probable that the first groat 
wheat-fields were in the fertile land between the *rigris 
and the Euphrates. The oldest Egyptian torrfbs tha| 
contain wheat ^which, by the way, never germinates 
after its millenia of rest) belong to* the First Dynasty, 
and Sre about 6,000\ears old.” But the»e must have 
been a long history of wheat-cultivation before that, 
for wKfe.t is not a nayiral cn^p; it demands careful 
attention. If* a fidd of wheat is left to sow itself, 
as in an experiment at Rothamsted, every singl^jilant 
will vanish after three years Ana when harvested, 
.the grain will not keep its vitality for very long, its 
power of germination dwindling rapidly, and disappearing 
altogeth?r in fifteen years • 

It is also a very interesting facf that the almost 
certain ancestor of all our ordinary wheats is at present 
living on the arid and rocky slopes of Mount Hermon, 
where it was found in 1855, and re-discovered in •1906. 
It is called Triticum hermonis, and is varying notably 
to-day, as it did long ago when it gave rise to the emmer, 
or spelt, of the Newer Stone age Observant individuals 
would notice od<J ears with bigger grains or looser 
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'chaff, and from them raise? a richer liarvest for^their 
tribe. So, in the course of time, “ mas took a(fvanta|:e 
of Jhe niimeroti^ varieties that cropped up In thil 
‘ sporting ' stock, and established oije sugfessful race 
after-jnnother in his fields. Virgil r(*fers in the Georgies^ 
to the gathering of the largest and fulhist ears of wheat 
in order to get good seed for another sowing, .but it 
was not until the first quarter of the nineteenth<*8tury 
that tlt» first great step was taken by men like Patrick 
Sheriff, of Haddington, of delibcr<itcly selecting indi¬ 
vidual cars of great excellence and segregating their 
progeny from mingling with mediocre slock. This is 
the method which has been followed with remarkable 
success in modern times. The Marquis wheat, one Qf 
the factors that assisted the Allies in overcoming the 
^food crisis in the. darkest pc'riod of the war, originated 
from a single grain plantedrin an exuprimental plot at 
Ottawa, by Hr. (diaries E. Saunders in 1903. * Three 
hundred million bushels of this Vheat ,were raised in 
North America in 1918.”* 

In England the nayie gi\’en to the wheat^lant *is 
connected with its wliite colour, being derived from 
the ^nglo-Saxon hwack, or hwif, meaning " white." 
But in Ireland its name signified ‘‘ blood-coloured,” 
the Irish wheat (now rapidly becoming extinct) bein^ 
" distinguished by its rod or sanguine hue.” It is this 
fact whieh supplied so dramatic a touch t?) the»de- 
scriptidh, given a poet of the time (a.d. 651), of the 
death of two Irish princes in Mailoran’s mill (cf. W. W. 
Skeat, The Past at Our Doors). 

There is an immense number of types of the second 
of the above groups of plants, characterized by the 
presence or absence of a beard or “ awn,” long or 

* See Outlines of Science, J. A. Thomson ; The Wheat Plant, 
John Perdval; Essays on Wheat, Buller.^ 

A _/lylSfi/>\ 
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shor(j siraw, hardness or softness, colour of the grain, 
el'c.- True wKeacs” may be sub-divided into four or 
..lore ui;u,ji classes, each of which contains many varie¬ 
ties, flourishing Ifest under fi.ved conditions of soil and 
climate. The “ hard ” or “ flint ” wheats contain a 

t 

large amount o*' gluten, and conse jnently arc of special 
interest as yielding the best flour for macaroni and 
Italian pastes. , ^ 

Polish wheat—the third group—grows into, a large 
plant but gives on,ly a small yield of gram. Jt is, 
however, much cultiv.ated in northesn Spain where 
it may have originated. 

It may be remarked here that the wheat-lands of the 
Argentine, gently sloping to the Parana and other 
rivers, are capable, under good cultivation, of producing 
enough wheat for the whole human race. The rivers 
also arc open for, 1,500 miles inland for vessels capable 
of carrying 800 tons. 

The preparijtion 0 i starch from wheat, requires a 
series of operations which differ from those employed 
When po.atoes form the raw material. Unlike potatoes, 
which consist mainly of starch and water, wheat, 
barley and the like contain within a hard outer covering 
the nitrogenous substance known as gluten (about 
14 per cent) in addition to the starch, while the water 
content is usually about 12 per cent. 

The microscopic appearance of wheat-starch granules 
is quite unlike those in the potato, being more circular 
afid much smaller. Wheat starch also does not normall}- 
contain more than half the amount of water present 
in potato starch. i 

The femperafure at which the granules bur.st to form 
a paste is also considerably higher. 

The e.xtraction of starch from grain is effected in 
two ways: [a) tlie older method of fermentation. 
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involving the loss of most of the other coi^stitue(Jts» and 
(b) the “ washing out ” process. Bhtli, however, 3iir 
at complete separation of the gluten fronf tl«c starch' 

;T'he physical and chemical pr( 4 )erties ofc\he gluter 
introduce very considerable difficulties. From ar 
economic standpoint* the loss of the»gluteij, or its 
recovery in low grade quality suitable only («)• as a 
fertilize** or (b) as an adjunct to pi^meals, is nofswmd 
and cohSequently the fermentation process is giving 
place 4o tlie more rational type in which theutarch is 
not considered the sole product of importance. 

The first stage of the work consists in the soakinf 
of the grain in water until swelling has taken place 
The whole grain is frequently subjected directly to the 
steeping process, but this is slow as the outer husk 
prevenft the easy passage of the water. To obviate 
this the grain may be cru^ied, but grinding must be 
avoided. 

In small factories tubs may be used, but in big ^orks 
large concrete tanks are more suitable. Repeated 
treatments with water >re nece^fsary, qnd the dferation 
may require a week to carry through to completion. 
The Igmperature of_the water is also important as the 
grain will req^jire a'much longer time if this is very cold. 
A sample taken from the bulk should only give soft, 
grains which can be bent without fracture apd which 
show no tinswollen portion when divided. 

The softened glain is ne.xt passed through a roller 
mill and thoroughly crushed, forming a somewhat 
pasty mass which is* in the third stage, delivered into 
the fermentation vats, situated usually immediately 
below the mill. These vats are similar in structure to 
the soaking vessels. 

The regulation of the tepperature requires very 
careful attention as otherwise the feynentation will not 
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be ijnKonn. , The mass fi'om the crushing rollers is 
rhiked with water to a thick ‘‘ soup ” in which a rod can 
•ne moved without great effort. A very considerable 
increase iifivolume ■'v'companies the fermentation and 
, this must be taken into consideration in designij.g the 
vats. 

The gaseous products are evil-smelling, and, in most 
, casee^ it is necessary to conduct these away to the 
boiler fire-box or other furnace. ' The onset of the fer¬ 
mentation is usually quickened by the addition of some 
of yie liquid in a more advanced stage of decomposition, 
or beer-yeast or other fermenting liquor. 

At 25'’-30° C. the action is very brisk and will require 
less than a week to complete, but at 14°-18° C., probably 
about ten days. The smell is alcohol at first but rapidly 
passes through a sour stage to that of rancid buttei; 
or old cheese,, and eventually to an exceedingly 
disagreeable odour. 

Tht: whole process is a complicated one, in which the 
acids produced (acetic, lactic, etc.) have a solvent 
action on the gluten anc^ combiijed with the decomposi¬ 
tion of the gluten it,self, effect the separation from the 
starch. The process must be arrested before thejvhole 
mass becomes slimy as this would interfere seriously 
.with the washings which follow. 

These washings of the fermented mass are far less 
simple tfian in the case of potato pulp. A pteliminary 
separation of the sour liquid from the mass may be 
carried out on sieves, but the main washing is done in 
perforated drums, furnished with ‘water sprays. 

Owing to the rapid corrosion of metal by the oitganic 
acids present, wooden drums or wooden frames covered 
with canvas are preferable. The water is with advan¬ 
tage introduced under sorpe pressure through the hollow 
axle, perforated fof this purpose. The starch contained 
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Tn the milky liquid is refin^ by repeated setllinj and 
washing with water in a similar manner to that alreidy 
described in thJ previous chapter. {See p. JO.) ThP 
washing process is a tedious one ,as the gliifen adheres 
obsti’Kitcly to the starch, and the iljiper layers of the, 
latter, which are of a«brownish tinge, mjist be^removed 
for further treatmen). The centrifugal machines used 
for whejten starch differ from those already deSirtbed.^ 
for the«l»asket is not perforated and the action is based 
on separation according to density, 

• Tile partially purified starch is introduced into^the 
machine as a thick milk, and after “ centrifuging ” 
until the liquid in the centre is clear, the machine is 
stopped as rapidly as possible and the liquid content* 
removed by opening * valve at the bottom of tire 
baskets The pure starch, owing to its greater density, 
will be found in the layer neict to the trails, and the less 
pure nearer the cAitre. By scraping away the* lower 
grades, the higher grade starch il collected sepafttely. 
The water content can be reduced to about 50 wr cent 
by the ordinary design of hydro-extracteft. T^e 
drying can also follow the same procedure as with 
potato starch. 

In the case of siarch separated by settlement, the 
method of ha’ndling is often modified, and especially is, 
this fhe case when air-drying is adopted. The cake of 
starch-m«d at the bottom of the vessel, aftef running 
off as rtftch watertas po.ssible, is too sloppy to be handled 
sonveniently. Advantage is therefore taken of tlfe 
gftat absorbing power of dried starch to remove water 
fron* wet, low grade products and sweepings being 
employed. The surface of the wet starch is covered 
with a coarse cloth and the dry residuals placed above 
to a depth of a few inches. The upper layer in the 
course of several hours will have absorbed so much 
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water from the lower layer'that the latter can be readily 

reihoved by a shoVel. 

*•' The dtyitig, nola/dy in the case 'oi* wheat and^ rice 
products, must Jre cflrried out sufficiently rapidly to 
avoid the growth W moulds. These attack no*- only 
the gluten which may be present, but also the starch 
itself/ and consequently a serious loss of output may 
occiOT * The cost of •fuel for hot-air drying is, however, 
fairly high and, therefore, all methods which lessen 
these changes are desirable. 

Advantage also may be taken of the*absorbing power 
of gypsum by spreading the wet starch on blocks of 
this material, and the drying completed by exposure 
to the air during periods of warm weather. The cone- 
shaped masses are placed on floers or shelves, provision 
being made for a good circulation of air tlirough the 
drying rooms. ,Two monfiis may be required to dry 
the starch, the product is then known as “ hurdle ” 
starch. The great drawback is the possible contamina- 
tion by moulds and dust, which will necessitate the 
removal of the e_xposed|Portion,s. Suction filters may 
take the place qf the hydro-extractors already 
mentioned. 

The characteristic irregular shapes of Ipndry karch 
are controlled by the speed of drying and cannot be 
produced in mechanical drying. Rapid drying and 
high terrfperatures yield short and thin sticks.'dhe lower 
the temperature the thicker the rodk or prisrfis. The 
coherence of the granules to form prisms is due to the 
presence of small amounts of gluten or, in the case'bf 
very white material, by the addition of dextrin to the 
gluten-free starch, followed by slow drying in paper 
wrappers. 

The removal of the l,ast traces of gluten may be 
effected by a fina!^washing with very dilute ammonia. 
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The growth of moulds ifiay bo prev'ented the 
addition of disinfectants, such as phfnfil, buf th*a; 
must be excluded Where the products are tw bg used asu 
food; there is also a considerable rwk o^the cjjsinfectants 
finding their way into the fermentatfon vats and, exer¬ 
cising their antiseptia action in a manner not desired, 
preventing the working up of residuals and swe^pijigs. 

Starch of slightly lower grade tkan the; whitwjj^nd 
still containing some gluten, forms a very good paste,' 
in fad, better than that from the Jirst qualitg'. It is 
muefi used in tlw textile, cotton-printing, and similar 
industries. 

The methods of extracting starch from grain by 
mechanical means, without making use of a fermentation 
process, will probably* in time replace the procedure 
jlescribed above. 

The first operation, the ewelling of the grain, is 
similar to that alrSady mentioned, but fermentation is 
hindered by frequent changes of tBe steejung wate*, and 
temperatures up to about 30° C. are advisable. 

When the grain can ].)C easily burst by .squeeifn^, tlfe 
steeping is complete and the*water \s drained away 
fromJ:he swollen grain. 

The rupture of tTic grain is achieved by passing it 
between finefy-fluted rollers at such a distance apart^ 
that ^he milky contents are expressed from the husk. 
The old tnethod of kneading with the feet the doggh 
contained in sacks is now abandoned, but machines 
have been designed which imitate this somewhat prirrtt- 
t've method. A ring-shaped sack of rather flat section 
is pissed between grooved rollers, usually of wood, 
running in a vat of water. 

Since it is possible to combine the washing with the 
crushing of the swollen grain, a machine with a series 
of pairs of rollers, placed one above another, and sieves 
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of Varying mesh to retain Mie gluten and husk, is often 
ilsed. The purifitation follows much the same lines 
•us in 'ihe i»cvious description. ‘ ' 

Owing tt),the j'cry^imall amount of gluten left in'the 
, starch, a very .Tight fermentation, lasting only a couple 
of days, is suflv-ient to remove it,>and a few .subsequent 
washings will yield a high grade material. 

Tht-iextr,action ofistarch from wheat meal, instead of 
from the crushed grain, is carried out byMartin’s 
process., A stiff d/.iugh is hrst made and’a product 
suitable for further treatment is pi'odirced by extruding * 
this through a small die, and cutting the mass into short 
lengths. Ihc prepared dough is washed on a*shaking 
sieve by fine jets of water. Other machines are pro¬ 
vided with a travelling roller to assist the separation. 
The final traces of gluten may be removed by the addi¬ 
tion of a very dilute solution of caustic soda, which 
causes' it to swell, and in this condftion it can then be 
remMed by q fine sieve Martin’s procesc is reported 
to yield 50 per cent of starch, while the old process by 
fermentation yielded 40 per ceijt. 

Beccari seems to have been the first to successfully 
carry out this separation of starch from flour, which 
he did in 1745. ' ‘ 

The hardness of barley enables it to be'cultivated in 
higher latitudes than any other cereal. Pliny regarded 
baiiley as^the most ancient foodstuff of mankintl. 

The number of existing varieties is great, bit these 
c'an mostly be accommodated in one or other of tht: 
following groups— . •• 

(1) Common or two-rowed barley (Hordeum distichum). 

(2) Bigg or Bere {Hard, vulgare). 

(3) Six-rowed barley (Hard, hexastichum). 

(4) Fan or battledore barley (Hard, zeocriton). 

(5) Naked barley (Hard, celeste, and Hard, nudum). 
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' Ihe nutritive value of baitey is considerable, but its 
comparative pjverty of gluten is the * 01116 ? objection*16 
its suitability for 'bread-making, and at (he, pTe^nt 
time it is largely used to supply the ijialt Jar brewing 
purposes. • 

Malting has for its abject the producti^ of a ferment 
or enzyme, known as*diastase, which possesses*th(j pro¬ 
perty oi converting starch into ^ugar. Duri«j[,the 
germin;tl4on of the seed the large amount of starch' 
in th(i grain is transformed into spgar, whiclf in the 
’ordinary course sf nature is utilized by the seedling as 
food. 

In th» preparation of malt the barley is steeped in 
water and then allowed to germinate in a favourably 
temperature until the diastase is fully developed. Tljis 
^iastas# is usually at its maximum when the rootlets 
are about two-thirds of the length of tjie grain. 

The germinated Barley when dried is known a? malt, 
and after being coarsely ground ift a mill is plactd in 
a vat through which water is forced, the whole mass 
being carefully stirred to extract the starch and ffastasfi. 

In the subsequent infusion pWess flie malt is raised 
to a temperature of about 140° F. ffy running hot water 
into the vat with flie result that in a few hours the 
starch has been converted into sugar by the ferment. 
Tlie conversion of the sugar into alcohol and carbon 
dioxide i^cffected by adding brewers’ yeast to Ae liqjiid 
after dfawing it t)ff into separate vessels. When the 
lermentation is completed, the alcohol is obtained by 
distillation. • 

Tl»e true home of rye [Secale cerede) is in the regions 
around the Black and Caspian seas, and it does not 
appear to occur in many varieties, in this respect 
differing from most other cereals. 

In Great Britain rye is usually grown, if cultivated 
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at aj], fis a forage crop, biit’in Riis;,ia it is by far the mos't 
(fofnmon cereal^- rmmcnse quantities are also raised in 
“Bcandinsvia' and northern Gennailyl where rye, or 
" black ” lvead,,is so, important an article of food. ■ . 

Oats (Avena satha) are known from historical lecord. 
fo have been (Riltivated in very early times in northern 
Italy .and Greece, and this fact disposes of the assertion 
that iMi original honee was Juan Fernandez. A bristle- 
‘poinfed oat {A. sirigosa) is a variety and not* In inde¬ 
pendent, species ; .the same may be the'case, with 
A.orientalis, known also as the Turkish and Hungarian" 
oat. In a Chinese work covering the period of a.d. 
618-907, there is a description of a naked oat (A. saliva 
jiuda) which is still found in a wild state around Pekin. 
This plant may be the “ pilcenif” mentioned by agricul¬ 
turists in the thirteenth century. Oatmeal 'can be 
baked into cakej or biscuih;, but ovGng to the difficulty 
of rupturing the starch grains, ‘except at a high 
temperature, ,the mtal does not lend itself to bread 
making. 

' Tiic’tonstituents of ^ood standard grades of typical 
cereals are approximately— 



Protein. 

• Carbohydrates j 

Oils and Fats. 

' Wlieat 

10 

69 

2i 

Rye . 

10 

69 

1 

Oa^s . *' . 

1 9 

47 

t* 4 

Maizp . 

8 

67 . 

• 4 



CHAPTER V 


MAIZE AND MILUCTS 

Whether maize (Zed mays) owes its origin to'tlif old 
or new world is still a debatable point. I>e CajjcJplle 
held tha^ the evidence of Asiatic origin was not con¬ 
vincing in view of the proofs of its, great antiquity in 
the American continent. For it is well known that 
when America was first discovered maize was being 
widely cultivated by the aborigines. It is a true grass, 
now only known in a cultivated state for the wild 
source of the plant is still obscure. One theory (that 
(jf Collins), which is based on breeding experiments and 
comparisons with other plants, argues that maize 
started as a hybrid between the Mexican " teoSnte " 
(Euclaena) and some unknown ‘grass of the •rder 
Andropogoneae, a suggestion supported by recent work 
of Kuwada, which h;^s independently confii^ed it. 
As also has Mr. Luther Burbanlc, who, after experiments 
extei^ing over eighteen years, iif 1921 succeeded in 
producing a now variety of maize by intensive cross- 
and inter-breeding and careful selection, and planting _ 
of suftable seeds of the wild teosinte grass of Mexico 
and SoutH Florida. This proves that the origi»of m%ny 
known Varieties i?to be found in the hybridization and 
mutation of the forms grown by the natives in manj- 
parts of the American continent, where it appears to 
be indigenous. At all events, many varieties have been 
evolved, some writers stating the number to be 300, 
which differ mainly in their size, shape, time of growth 
to maturity, or nutritive value. 

Maize often grows to a height of 10 or 12 ft., and bears 
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beaut’fully-tasselled mak. flowers, as well as femaie 
flowers, which develop into cobs close to the central 
<raxils of^th“ leaves (Fig. 3). 

Tlioiigl. ,it cap be successfully grown in the South of 
England as a fodder crop and is very suitE^le frr 
ensilage, our <^imate is not really,suitable for this cereal, 
and wfe purchai-e large supplies from the Danubian 
prov^rces, but oui;, greatest imports are frojn North 
America. It has been for a long time cultivated in 
the East Indies, Cjiina, and Turkey, mostly, however, 
for home consumption, as is the ca.s6 also in Australia 
and South Africa (Fig. 4). 

The cereal is known under many different names : 
jIn Great Britain as Indian corn ; in America as corn; 
in Holland and Hungary as Tu'-kish wheat; in France 
as Spanish com; in Turkey as Egyptian corn ; in 
Egypt as Syrian Dhurra,; and in the South African 
colonies as mealies. The germ of tiie grain is very rich 
in fit which gives rvither an unappetizing smell to the 
meal, and is somewhat deficient in albumenoids, though 
fully 9>.pplied with carbohydra.tes. 

The meal, which dots not mix readily with water, 
is used by many hations lor food-making. In Italy 
"polenta,” a kind of maize porridge of varying degrees 
of fineness, is almost a fundamental article of con- 
‘ sumption, while the Indians of Yucatan make' their , 
" Jortek'a ” from maize flour. Maize starcln or corn¬ 
flour, is largely employed in biscuit making and as 
a substitute for arrowroot ; but for bread 25 per cent 
of wheat flour at the very least, should be addedTo 
the maize. , 

The young unripe cobs are sweet and palatable as a 
vegetable, and the oil extracted from the grain supplies 
a useful edible oil. 

The ripened seeds " pop " or burst when roasted and 
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the inside swells out com iderably, and is of agreeable 
•fli'.vodr ; the' harder varieties are best for this purpose, 
i A valuable feature of maize is thj 'iact that its hard 
skin renders th^ whole plant sufficiently tough to'resist 
the damage of eirhc'r fungus or beetle. Nearly^AlI tie 
darfiage arise,s after harvesting^ when the maize fly 
{palqmHa) and otlier beetles commit great havoc during 
storage, necessitating fumigation in some cases. The 
grain also must be dry before shipment or halting and 
fermentation may,cause great loss. 

It is not difficult to distinguish the American " horse- 
tooth ” form with its clear bright colour from the much 
smaller-grained Italian ty]x:, or from the large red 
/:oloured Hungarian product. 

, The presence of a horn-like, substance in maize, in 
which the starch granules are embedded, necessitates 
a chemical process in the separation of starch. The 
high content of oil also demands ’modifications in the 
methods used for other grain. After paj^sing through 
a cleaning process the giain is steejied in warm water 
ttlOb""!-.’) containing a small amount of sulphurous acid, 
and then the acid procfess, which we will describe first, 
is used. ' 

The steeping vats are usually of wood and are provided 
with the necessary pipes and outlets for the wash water 
and grain. The operation, which requires about three 
d%ys, mast be continued until the grain is quite soft. 
The acid can be produced as required in the staiVh works 
Py burning sulphur and collecting the gas in watej. 
Various types of sulphur-burners, are in use, and tire 
absorption of the gas is effected in a small tower con¬ 
taining a packing of coke and supplied with cold water. 
The liquid flowing from the apparatus contains quite a 
small percentage of acid. 

The softened giain may be ground in an ordinary 
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tyjje ef mill, 'but fluted roHers are usually used when tile 
■"•germ ” wl'iich te separated is to be employed in the 
ptodViction of “ corn oil.” ^ 

The grt\und pulp ,is next washed by powerful jets of 
water on shakin^'sieves, and yields a starch stiV. mixed 
with a consiflerablc amount of gluten. This impure 
product is again treated with sulphurous acid and puri¬ 
fied^ fine sieves.!’ Owing to the rather large amount 
of water, a preliminary separation of a portiowdontained 
in the r starch-milk is often necessary. The concen¬ 
trated liquid is then made to flow through long inclined 
troughs or " tables.” An even flow is essential, and 
any irregularities are smoothed out with a puddle. 

For employment in the manufacture of syrups and 
glucose, the starch can be ustd at this stage without 
further treatment. When the alkali process is<adopted, 
the concentrated starch-Kiilk mentioned above is agi¬ 
tated with a weak solution of caustic soda to act upon 
the •gluten. ,The s^jraration and refining-is then con¬ 
ducted in the manner already described when dealing 
wit'h^tato starch. , 

The drying process c^n be modified to produce either 
the so-called crystaf starch or the lump quality. Crystal 
starch results when the drying is carried out, slowly 
at first, at a fairly low temperature (40° C.) followed 
(after scraping away the discoloured outer layers and , 
wappiflg in paper) by a higher temperattfte (60° C.) 
and faster rate. Lump starch is slotvly dried it gradu- 
‘ally increasing temperatures, the whole procecs 
occupying more than a fortnight. 

Starch produced by the acid process is of a fine! white 
colour but does not yield a thick pa,ste. “ Thin-boiling ” 
starches are much used in the textile industries, but in 
most cases are not of much use as adhesives or stiffeners. 

The importance of millets, a term which includes a 
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ISrge number of small-seeded cereals, is Hardly eppre- 
ciated in this country, but in India* alone 40,0'b0,0®0 
acres^are devoted lo the crop, and China, •Japait, 4 tid* 
Kwea consume enormous quantities.\ A Jifiwildering 



Fig. 5 

CHINAMEN THRESHING MILLET 


Moriety of names and considerable confusion in th# 
bdlanical nomenclature prevails throughout this group 
of plants. 

The Italian millet (Setara italica) and the Hungarian 
species are now probably the most cultivated. The 
abundance of millet grain found in the lake-dwellings 
clearly indicates its importance as a food in prehistoric 

S—(14S8c) 
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timfis,„and there are recoids of its use in China about 
3000 B.C. Muc-h IS grown for forage purposes. 

- fThe Barnyard millet (Pannicum crus-galU), grown in 
the UnitediStatts^ belongs to the genus Pannicum/ and 
is known in India as “ Bharti.” Other important bi t 
smaller Jndiam millets are the " Sijama ” and “ Sanwa.” 
The diet value is not very high, but their grains when 
boilsd m milk are mach used as a human food (" khir ”). 

Common millet {P. miliaceum) or brown corn millet 
is generally regarded as the true millet. It is exten¬ 
sively grown around the Mediterranean, in Russia, 
China, and Japan (Fig. 5). 

Sorghum, Durra or Guinea corn {Andropogon sorghum), 
(generally looked upon as a native of South Africa where 
it’is known as Kaffir com, is a cereal grass containing 
much saccharine substance, which is very largely use(l 
for human food,, in India, Africa, and China, and else¬ 
where to an even greater extent as fodder, especially in 
Australia. Qnly mature sorghum must be used as 
cases .pf poisoning, arising from the presence of hydro¬ 
cyanic acid under certain conditions in the young 
plants, have occurred (Fig. 6). 

A less known plant, but nevertheless affordipg an 
important foodstuff, is Korakan or Ragi, a tall annual; 
grass {Eieusine coracana) yielding an abundant crop 
even when grown on a very poor soil. Its practical 
immunity from attack by insects is clearly advantageous 
in tropical countries. In Mysore the meal is made into 
cakes which are fried in oil; in other parts of India a 
fermented liquor is prepared from the grain. 

Pearl millet (Pennisetum iyphoideum) is much culti¬ 
vated in the Bombay Presidency, and on account of its 
heating qualities is also largely consumed by the tribes 
of northern India, and, made into bread and cakes, the 
grain is considered very nutritious. 



Fig. 6 

MILLET AND SORGHUM FIELDS NEAR 
PEKIN 
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Bufk^heat I^Fagopyrum escidenium), strictly speaking 
not a wheat at olf, nor in fact a cereal, is a somewhat 
recant introduction as compared withmiher food plants. 
A reference to its^cultivation is found in a German work 
.of 1436. It is not much grown in England, but con 
stitutes the pi'ncipal means of subsistence in some 
parts of Russia, while buckwheat cakes are a special 
.dishcof'the United iStates. Its three-cornered grain 
(Greechemaya knipa), like a small beech-mhst, is 
characteristic, and ariginatcd the name buck, the word 
for ^leech being in German buche, m Russian buk. 



CHAPTER VT 

RICE 

In tropical and siiD-iropical regions rice is ttlt' SJalt ol 
life, injact it is the principal fo<^ of more t^n^half 
of the ^pulation of the world. Its cultivation extends* 
far b^ick into the dim past, its origipal home bging most 
proUably south-eastern Asia. 

In the annual ceremonial sowing of imjiortant plSnts, 
inaugurated by the Emperor Chin-nong, in 2800 B.C., 
rice must be sown by the Emperor in person, but tlje 
other four, millet, wlieat, barley, and beans, might,be 
^sown ky the princes of his family. There is no word 
for rice in the Zetid Avesta^ which seems to dispose of 
the Persian origin which has been* held by some. 
Herodotus %lso mentions only wHfeat as the stapk food 
of the Persians, and Chinese annals state'positively that 
there was no rice or millet in Sassanian Persio^ Slifle, 
however, was plentinil in ftie Sassanian epoch in 
Kashgar, Khotan, and Tashkind.* 
a/ far as Europe is concerned the first recorded rice 
growing was‘near Pisa, in 1468. 

Tlfe origin of the Carolina rice trade was of an acci¬ 
dental character ; a boat from Madagascar* put jnto 
Charleftown through stress of weather, in 1694, and the 
.captain paid a visit to Thomas Smith, the governijr. 
Smith wished to try rice in a swampy part of his garden, 
ancithe captain gave him a small bag of it which he 
happened to have on board. The experiment proved 
a brilliant success and was the beginning of the 
flourishing industry of Carolina. 

The scientific name for rice is Oryza sativa, but as is 
55 
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usually, the case with mcwt plants which have beeri 
cultivated for' Icjnf, periods, the number of varieties is 
’..erj; large. » ... 

From a Stpdy of vaijous catalogues it might indeed be 
possible to infer fnat there were now 1,500 or mor; 
representatives, pf the original wild stock. And we may 
with absolute certainty count up sixty-one definite 
Eastern varieties, ybout half of them the familiar 
Hard kind, the rest the soft glutinous grain prefeired by 
the natives of Burma and the neighbouring states^ 

The group represented bj- 0. glutino-ja, the source cf 
" pulut ” in the Straits Settlements, and of " ketan ” 
in Java, does not appear to contain much starch but a 
" substance near to sugar ” (? Inulin). On boiling, the 
gr?ins do not remain intact but farm a soft sticky mass 
of distinctly sweet flavour, • 

The rice plant, in place of a compact " ear," bears a 
head made up of a number of fine stalks, each of which 
contains one grain. 1 hese grains, covered with a brown 
husk, are easily detached, and in this condition are 
kiiown as padi (or paddy). , 

Rice plants, excepting upland, or hill varieties, 
require fields which can be flooded or kept dry as re¬ 
quired, and much labour is expended by native races in 
cutting the slopes of hills into terraces (Fig. 7). The 
whole hill-side is turned into a series of shallow pools 
arrjngeddn steps. If the water supply is not 'available 
from natural sources this is produced by meihanical 
liieans, and a great variety of remarkably ingenious 
devices are used, some moved by man-power, others by 
primitive paddle-wheels worked by streams (Fig. 8). 
The water is retained in the field, or rather seed-bed (as 
these are usually quite small), by ridges of earth. The 
slightly sprouted seed is sown broadcast, and rather 
thickly, in the bed, which has been turned into a fine mud. 
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When .the yoting plants ai;e established, which is soon 
the case, the Waiter is drained ofi during the daytime, 
C-nt} n:n on. again at night. By thir means the young 
plants are»kept .jvarrn at night and exposed to the air 
during the day. ' 

In the inter,ior of Sumatra rice is sown by women, 
who,'.in iowing, let their hair hang loose down the back, 
in that the rice may grow luxuriantly ^nd have 
■long stalks, an instance of homoeopathic or^ mimetic 
magic. .. , 

The shoots w'hen about nine (jr ten. inches high are' 
trattsplanted, and set out in small groups in the pre¬ 
pared fields. The same alternate flooding and.aeration 
js continued for a short time, and then permanent 
flynding is kept up, until the rice begins to ripen, when 
the beds are gradually allowed to become dry. > 

In Louisiana and Texas the rice lands are allowed to 
grow sufficiently dry to permit the use of harvesting 
machinery in place df the laborious hand leaping usual 
in most other rice areas. 

‘ A'sh/.ple form of threshing removes the grain from the 
stalk. Cleaning is generally deferred, as the rice will 
keep better in the ilnlmsked condition. 

Where rice is one of the main food-stuffs the husking 
process is done daily. The padi is beaten and pounded 
‘ with a pestle, or large wooden mallet, in a stone iliortar 
or,.wooden tub. The shapes, sizes, and patterns vary 
greatly in different countries (Figs. 9; 10). * 

>. Great ingenuity is displayed by native races in devising 
simple machines to save labour, including the adoptiUn 
of buffalo-power and water-wheeLs. The pounding 
cracks the outer husk which can then be easily removed 
by winnowing, and by these primitive methods a 
valuable food product is prepared. But in England 
the elaborate system of milling and polishing almost 
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coijipietely deprives the iiice of the valuable " accessory 
■food iactor wh'kh exists mainly in the outer layers of 
vitlje {j'r^in r the nutriment value of «the part removed 
by polishing b(»mg roughly twice that of the polished 
grain. A similab state of affairs is also found in ihe 
milling of veiy white flours from wheat. 

A.t fhe penal settlement on ’ the Brisbane River, 
AustT'dlia, where the capital of Queensland n(fw stands, 
convict labour was employed at very great cost to drain 
a swamp, the authorities considering that it. would 
make the right sort of land lor grcwing rice. 'Then, 
instead of sowing the grain in its natural state of padi, 
they used manufactured rice, and as, naturally, no crop 
appeared, a report was sent home to England that the 
(fonvict settlement had noti soil suitable for rice 
cultivation! < 

A recognition of the absurdity of grading feeding 
stuffs by appearance must surely cause the present 
custom to give pla?;e to a grading by food values. A 
certain writer, indeed, when commenting on the above 
' method of pricing and valuing rice according to its 
polish, and on' similaf proceedings, suggested that on 
the same principle boots should be priced in accordance 
with the degree of polish they will take I ‘ 

Rice in its unpolished condition is one of the best 
of the cereals, even better than wheat, the ghiten of, 
which,«though it enables bread to be made; is not of 
high food value, while the deficiency of proteins in rice 
may be partly compensated by the addition of peas 
and beans which grow readily throughout the trojiics. 
The Soy or Soya bean, a native of EasterB> Asia, 
has been, for instance, cultivated in China and Japan for 
a very long period, where it is the most important legu¬ 
minous plant grown, and is used extensively as a food 
for human consumption, because its high content of 



Fig. 9 

CHILDREN POUNDING RICE IN INDIA 
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pr/)tein and oil makes it peculiarly valuable as a supple- 
■ inent to such,:.'fare as rice, with its starch proportion 
' of somi'times 83 8 to 85-7 jier cent.i r 

It is better to steam rice {grains until the starch granules 
are fully swollen than to boil them since in the la '.ter 
case much o| ttie nourishing v:'lue is also lost. 

kice-fields are subject to attacks by many injurious 
iww-'v pests. Thft larva of the rice water-w,eevil feeds 
amongst the roots and causes much damage to the crop, 
the rice worm (Tylenchus angustus) can apparently 
migrate over dry ground, if the air k humid endugh to 
form a film round the worm’s body, a fact which accounts 
for the practical immunity of spring rice when the air 
is driest; the " stink bug ” attacks the soft grains when 
i^hey are forming ; the " fall army worm,” or " southern 
grass worm,” occasionally becomes abundant ai.d invades 
the fields in the spring, vut its ravages can be largely 
prevented by flooding them. 

‘The caterpillar of the ” rice stalk borec” feeds in the 
stems and causes the head to die. These pests can, 
hotter, all be controlled by. thorough cultivation, by 
suitable flooding and draining, and by keeping the banks 
clear of weeds. ' 

Tliere are also two destructive rice-leaf 'noppers. 
These may be trapped by making use of their strong 
predilection for light, but owing to dread of evil spirits, 
it has'been found almost impossible to indm,e the ryots 
to go to the fields at night to light -the lamps!- Perhaps 
some immune variety of padi may yet be discovessd, 
or a way out of the difficulty learned by a study of the 
relation of the ripening time to the incidence of the 
pests. 

Owing to the damage wrought by vast numbers of 
ducks on the rice-fields of California, an aeroplane 
patrol was established in 1919, and charged with the 




Fig. 10 

CLEANING AND POUNDING RICE AT MANILA 
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taf>k;of flying over the Melds to scare away the,bifds, 
hnd the methud proved so success^'jl that five planes 
are 'now kept busy making flights bofo by day an^ night. 

There*' ,is a /wild rice (Zizania aqmtica) known as 
kau-sun in China, and sometimes as Canadian r'ce, 
w{\jch is used as an importan<l starchy food amongst 
some American aborigines. It thrives on a slightly 
salVtoil and so har been investigated as a posfible useful 
plant for cultivation in situations which are^ Unsuitable 
for mast other cereals. The plant, apart from its seeds, 
i^ regarded with esteem as a vegetable in China, -arid 
might probably be cultivated in suitable localities in the 
United Kingdom. • 

The world’s rice trade has two branches: (a) Far 
lEastern, requiring a cheap rice for feeding the native 
population ; (b) Western, requiring large quantities^ of 
medium qualify, and smaller amounts of a high quality 
product. In 1913 India (chiefly Bxurma), Siam, and 
InAochina together contributed 94 per cent of the world’s 
exjmrted rice and padi. 

'ine material which is usualjy available for rice-starch 
production consists of sweepings and residues from the 
mills, or damaged grain which is not fit for food purposes. 

Fermentation due to bacteria is liable to occur, 
particularly during steeping and settlement, and may 
cause serious loss. The chief source of this Bacterial, 
iafectian seems to be the grain itself, and It has been 
found that " polished ” rice carries* more baAeria than 
' " unpolished,” a fact apparently due to the removal, 
with the grain-husks, of an alkaloidal substance which 
has antiseptic properties. Ordinary padi as ih comes 
from the fields carries sporing bacilli which are capable 
of fermenting the starch with the production of acetone 
and butyl alcohol, as much as 8-9 per cent of acetone 
on the weight of rice taken having been obtained. 
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'Oljmg to the ease with which crusheS rice ^fc*ms 
masses or lumps,,the sleeping vats afl.provided wiftT 
mechjjnical agitatcre which are tnaint&ined*in,nt)ti#n* 
the-whole time. The simple wasliijig jitit pr^&ss, how¬ 
ever, isfirobably no lonpr used as its {^duction is low. 
An English patent sixwification (1920) suggests stemjing 
the rice grains for a few hours, followed by grinSing, 
until 98 per cent passes a 130-mesl* sieve, w'atei*being 
added af the same time till the resulting paste contains 
about <A0 per cent of solids. The separation may be 
effected by centrifuging or decantation. ^ 

The starch granules in rice are very small and the 
nitrogenoos contents of the grain high, a fact w'hich 
necessitates the employment of chemicals to separate# 
the starch in a pure condition. The use of damaged 
grain aBo introduces complications in the process, 
making the corresponding ojfferations njpre difficult to 
control than in the case of wheat^ and fermentation 
methods hav» not proved successful. , • 

The use of caustic soda, apparently introduced 
1840 by Orlando Jones, is, with a few modifications, 
still employed. The steeping is ftirr^ed out with a weak 
solution of caustic soda in large cement tanks, and 
requires a day or two to complete. 

The temperature must be kept fairly low; in fact, 
.artificial cooling is occasionally employed to prevent the 
action of ftie soda becoming too energetic, and*also to 
restrain fermentatibn which causes loss of soda and 
other difficulties in the later stages of treatment. The* 
raals from the vats (with the addition of a further 
quantity of caustic soda solution) is ground either by 
rolls or stones, or, in some cases, by pebble mills. The 
separation of the starch is accomplished by sieving, to 
remove the coarser particles of cellulose, etc., followed 
by centrifuging or settling, as previously described. 
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The complete removal of the gluten may entail several 
repetitions oi rymhing and separating processes, 
s ,In»the older > methods, the wet, starch is brought 
into convenient form.for drying by putting it into boxes 
provided with perforated bottoms covered with filter ng 
cloth. The boxes are occasionally shaken by hand 
labour to assist the separation of the water, so that 
aftgr.,about twenty,four hours the amount remaining in 
the starch is about 45 per cent. The boxes, ure then 
tipped, and the blocks of moist starch cut into squares 
of convenient size for removal to the 'drying chambers. 
The chief drawback to this method is the extensive area 
occupied by the boxes and the labour in”olved in 
washing the filter-cloths. The filtration may be hastened 
by the use of a suction filter, or more expeditiously by 
a pressure filler, though the water content differs but 
little from that found wiien boxes are used without 
additional machines. The water in the blocks evapor- 
ateson the surfaces, and a yellowish colouration resulting 
from the matter present in solution, chiefly dextrin, is 
pro*duced. 

The outer coloiued • surface must be removed by 
scraping, which is not an easy operation owing to the 
brittleness of the blocks when dry. To obviate this 
breaking up, the scraping should be aone when the 
water content is reduced to about 30 per cent, or rather 
le,ss, by exposure for a couple of days in a drying chamber 
at about 60° C. The removal of v/ater may be also 
assisted by placing the wet blocks on porous tiles. 
this stage of desiccation the removal of the outer layer 
is not difficult, and the blocks can now be subjeefed to 
further drying without the development of a coloured 
layer. 

The scraping is usually done by hand, but planing 
down by machines fitted with rotating cutters allows a 



rrlbr^ rapid working. TJie Quantity ipajcd a^-ay is 
roughly equal to£5 per cent ot the wlllfc starch. 

Tlif well-knowi! form of starch in tSperin‘g yri!fin?*is 
the result of the cracking which isicaij^ed in flte drying 
of the blocks. 

Any slight tendencj* to yelloNcness in litarch^uny be 
corrected by the use of ultramarine and certain ether 
colourinf»matters, which are stable iti air and unalfci^ed 
by the {ifesence of chemical traces as, for c.xamplo, of 
raustw soda which may have been used in the preparation 
of'the starch. * , 

Tlie manufacture of the popular prismatic form of 
starch rct|uircs considerable care, as the desired smooth 
appearance, good fracture, and large prisms are achieved^ 
only by careful work throughout the whole series 9f 
qperatiotis, and special attention must be given to avoid 
any secondary fermentation*proces.ses.. 
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SA.G<^ YAM, AND OTHER STARCHES 

Sevi;raL well-known articles of food consist mainly of 
stafcjifi and of the;# sago is probably the be^ known. 

Genuine sago is prepared from several kinds-iof palm 
trees. 3'he typical sago palms (Meiroxylon) lj,ye in 
more or less swampy localities, and,«like raany'othei' 
palms, they flower only once and then die. The follow¬ 
ing varieties are the most usually selected': Sagus 
gumphii, S. farinifera, S. borassus flaballiformis, S. laevis, 
aijd Arenga saccharifera. Some of the Cycads {Cycas 
circimlis and C. revoluia) are known as false sag® palms. 

The flowering happens when the plant is about eight 
or more years old, and just before this takes place the 
whole stem of the free is loaded with starch. This 
is tfce period chosen for felling. Then three trunks, 
J5 ft. aigh and 20 in. in diameter, yield approximately 
about as much starch' as an acre of wheat. After 
cutting down the trink the root-stock does not die but 
sends up new shoots, which grow to a considerable 
height and girth. The wood of these shoots is very 
weak and the stem is made up mainly of the pith.' 

Jhe pfocedure in Borneo is described by visitors as 
follows ; The trees are felled when about 25-30ft. high, 
the trunks are stripped of leaves and cut up into sections 
about 3 ft. long. Each piece is split lengthwise and t'he 
soft fibrous tissue is scraped out with a wooden.Jioe. 
Successive washing and straining processes serve to 
separate the starch granules. The milky water coming 
from the troughs in which the pith is kneaded is col¬ 
lected and allowed to settle, and when the deposit is 
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neasjy dry it is force J through»holes in alperfprate^ sheet 
of iron, and is than hardened in a shallflKpan overafift;! 

Sago for home* aonstimption is pr(faucc(i fjoift the* 
mo.ist starch by forming it into cakes, Vhic^i ^re baked 
on hot plates ; sago for export to Euro^ by drying it 
to a dough with arti^eial heat just suffinient to jause 
the apjjearance of starch paste in the mass. "Ais* stiff 
dough i» then pressed through sieves to maR» khe 
grain-like»shape of the finished article. 

It must not be forgotten that Hie name sago,” 
thougli originall/ applied solely to the products,of 
tropical plants, has gradually come to mean rather a 
descriptidh of a particular shape or form of starch 
irrespective of its origin. 

The manufacture of artificial “ sago ” is, in the main, 
similar tb that used in the production of real sago. A 
pasty mass of exactly the right consi^ency is forced 
through a sieve or a plate perforated with round holes. 
The short sag# cylinders, after passing throrjgh the hWes, 
are allowed to i-y a little in order that they majjiBOt 
adhere in the next operation, which is the rounding of 
the cylinders by rolling them over |nd over in a barrel 
mounted on an axle._ These circular pellets are graded 
according to si^e, and then subjected to hot steam for a 
short time, which produces a thin film of starch paste 
,on the*outside. The final drying is done by hot air. 
The simulation of real sago is carried further %till l»y 
producinf slightly tinted grains, the yellow usually by 
aHrace of caramel, or by " browning ” on a hot plate, 
the'reddish tint by a trace of rouge. It is very difficult 
to distinguish by the external appearance manufactured 
sago from the natural article from the palm tree. 

In Java the Gomuti palm (Arenga saccharifera) sup¬ 
plies the chief food of the natives, but it is of unappetizing 
taste and appearance to most Europeans. 
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, j AmUicr V saj'o ” has'its origin in the Batat^/or 
sweet pot;^*o p'l’nt, frequently hlendeh with starch from 
ofner sOqrces. 'jweet potatoes are the thickened roots 
of Ipomenva BaUla, a climbing plant belonging to the 
bindweed or v'-nvolvnlus family. This is extensively 
cultiyafed iit most tropical ciVintries, although not 
knowj in a wild state. The root contains much starch 
an'd‘sugar, and takes the place of the ordinafy potato. 
In the United States a semi-large-scale plant lias been 
erectetf for the procluction of syrup from sweet poiatoe?, 
which is stated to be suitable for baking, sweet-making, 
and other table purposes. The flour has so far not been 
very satisfactory. 

The boll weavil has rendered the growing of cotton 
unprofitable in large areas, and on this account new 
methods of cultivation of sweet potato are being studied, 
including means of combating rhizopus tritici, which is 
resgonsible for large losses of various vegetables during 
storage. 

, ms, the tubers of various species of Dioscorea, are 
also cultivated in nearly all' similar countries. The 
black bryony of ovr hedgerows, by the bye, is a close 
relative of theirs and has a large undergrounij tuber. 
Yam tubers are very rich in starch and often reach a 
large size, weighing as much as 30-60 lb. 

In some parts of the West Indies the unripe fruits of' 
"soursop" are used to prepare a kind of ^owroot. 

.Other examples of plants which are used for the local 
production of starch are : Mango, banana, plankatn, 
coco-nut palm, and Palmyra palm. 

A variety of starch, called "talipot,” is oBtained 
from the palm Corypha umbraculifera, and is known in 
Ceylon as palmira root flour. Recently also excellent 
starch has been produced, though on a small scale, from 
the bread fruit. 




Fig. V Fi*. 12 

ZAMIA PALM—FEMALE (from a sketch) ZAMIA PALM—MALE (from^a sketchl 
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A. tuberous pjant (Polymnia edulis), growing in tire 
Andes, has jcenRxamined as a possible source of starch, 
'but the„ cirbohidrate content is on'.y about that of 
mangolds' thougl^the weight of the tuber, about 21b., 
is favourable.^ 

Salep is a,starchy product w'th the appearance of 
homy yellowish lumps, prepared in Asia Minor from the 
roqjSi(/f various plants of the orchis group. A similar 
extract can also be made from the common Saropean 
varieties, and from an Indian species. Thesy.^ pre¬ 
parations are reputed to possess important medicinal 
properties. 

As a result of investigations in New South Wales, a 
.company, the Australian Starch Co., has been formed 
tc produce starch from the Zamia palm (Macrozamia 
Jrascrii). The aborigines use the nuts and centres of 
this palm as food, but they expose the emshed substance 
to the air and wash it in several changes of water to 
get lid of a poison which paralyses the hind quarters of 
catt'» if they eat the plant, as they arc apt to do in dry 
Reasons (Figs. 11 and 12). It,is proposed to work up 
Zamia bulbs from an alea of 31,000 acres in the neigh¬ 
bourhood of Currawan, and an annual minimum of 
100 tons of starch is expected. 

The extraction of starch from the Burrawang palm Ls 
also being undertaken on an experihiental scale on the 
CljMe river, N.S.W., by a method of stripping the tree 
of its fibre coat, and paring it down until th'e core is 
'reached. The pith is then minced and the resulting 
pulp is freed from fibrous material by sieves and the 
starch purified by the usual washing and settling out 
process. The crude material is dried in an evaporator, 
and in about sixteen days the mass breaks down into 
“ crystals." 

The large beans of the Moreton Bay Chestnut 
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Ga^anospermum Atfstrale) «iay be c(tov6Ked int(j an 
excellent starchy though analysis hJi, dilcovered tfl 
thcm^ traces of saponin, which poison(As el«n^nt.nnjs1» 
be first eliminated before they can i)e sfoely u*ed. This 
tree is,not, however, common enoug^trf make the 
use of its beans for starch-making a coinnjercial sucfiess. 
The beans form one of the chief vegetable foodk (5f the 
aboriginas, but they always soa^ the poundjd, or 
shreddeit'meal in water for several days before cooldng ' 
it, v>diich renders it perfectly wholesome. , 

Horse chestnuts (said to have been introduced into 
Europe from Thibet about 1550) are, too, a posstble 
source, sss suggested by Hedcnus and Flaudin, also by 
Murray in 1796, and have, in fact, been so used. Thejj 
contain 2-3 per cent of fat, 6-7 per cent nitrogenojis 
matter, *20-23 per cent of starch, but owing to the 
presence of the poisons kn9wn as saponins, the flour 
cannot be used as a food stuff without treatment to 
remove then*. Factories were ereSted near Paris come 
time ago, but they did not prove remunerative owjflg to 
the cost of labour and ^ansport. 

The hard outer shell must b^first t^en off. and this 
is done either by drying until easily loosened from the 
“ mea^," or by steeping for a short time in boiling water. 
After a preliminary crushing, remnants of the husk can 
be removed by floating them off with water. A second 
crushing to a finer pulp foUowS, and the further tr^t- 
ment is^nuch the*same as that already described. The 
«nly point of interest is the fluorescent appearance 
tlie wash water produced by the substance known as 
aesonlin, which is also responsible for the bitter taste of 
the starch, which is of a somewhat low grade. Horse 
chestnuts may therefore be regarded rather as a possible 
raw material for the fermentation industries than as a 
source of starch. 



CHAPTER Vni' 

■/.^JROWROOT, CASSAVA, TAPIOCA 

THE'-iacne arrowroot is probably'derived from a native 
word „Ara-ruta, meaning merely root, thoiigh some 
botanists consider that the root of Maranta art-ndinacea 
has been confounded with Maranla galanga, which was 
called arrowroot because it was used ?.s antidote to the 
venom of Manihot uiilissima, employed for poisoning 
arrows. , 

Arrowroot, as a general term, means a starch product 
'contained in a variety of plants; most of the West 
Indian arrowroot coming from that known as-Maranta 
amndinacea, while M. jwbilis, M. allonia, and M. 
ramosissina (East Indies) are also grown for their 
starf,h-giving powers. 

In addition to the Marantaccac group, aiTOwroot is 
clsa ]R.ade from A rum maculaium, and the product from 
this source is spoken fef as Portland arrowroot, since 
this arum was formerly much cultivated in the Isle of 
Portland. 

East Indian arrowroot is obtained irom Curcuma 
anguslifolia, and is manufactured also in Travancore 
and N.W. India. 

Tahiti or Tacca arrowroot is derived from Tacca 
nceanica or T. pinnalafida. , 

Brazilian arrowroot is the product of many varieties 
of Jatropha manihot, which will be described at gtieater 
length, since it may be regarded as the best representative 
of the starch-producing plants of the type which we 
are now considering. 

The variety of arrowroot known as Tous-les-mois or 
74 
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Tulema, fs obtained'from several plailts tipsely allied 
to iJaranta, and^is manufactured in ijif ^lest Ridie^f 
chiefly in St. Kitt,s,, wliere the Cannaiduli^{Ker-£awl}t 
flourishes, and was first introduced jlto England Cy 
Wordsvvorth in 1836. The size of the g^tj^iles is very 
characteristic, since thfy are much larf^er than thosft of 
any other kind of starch, not excepting That ffoil^ tlie 
potato. ^ 

In Beajiuda the cultivation of starch-producing plants 
is graduallv giving way to more profitable criers, and 
St. ^ncent is nc.w the chief seat of arrowroot culture 
in'the West Indies. 

In Jamaica the tubers are taken when about a year 
old, washed free from earth and pounded to a pulp in 
large deep mortar. This pulp is mixed with fresh watgr 
and strained through a cloth or hair sieve. The milky 
liquid is allowed to settle anckthe separated starch, after 
further washings, is dried in the sun.* In Bermuda, 
in the places,whcre the trade still fingers, the roots are 
first peeled to remove the thin skin, wiTich cau^ a 
yellow colour and bittcj taste in the starch if alfwed 
to remain. 

Tapioca is chiefly produced froml^he various varieties 
of JaBopha, which flourish in the West Indies, South 
America and flie southern part of North America. 

The'name cassava should properly apply only to the 
meal obtained from the roots of the plants, but it l^as 
passed into use to»designate the plant itself. Cassava 
starch only differs from tapioca flour in being of a les» 
luftipy character and appearance. Flake and pearl tapioca 
are jjartially cooked products, as will be noted later. 

A le.ss confusing nomenclature is to restrict the name 
manioc to the plant, cassava to the starchy substances 
deriv'ed from its tubers, and tapioca to the product 
manufactured from its starch. 
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The methods ased by native peoples for the extrac- 
lion of cas,av^i;,re primitive in char,''cter but present 
, some featmes of -.onsiderable interesi. Modem methods 
now used follov fairly closely the series of operations 
already desu^bed. 

The manufacture of cassava starch has a great advan¬ 
tage'“in" that the whole treatment is accomphshed in 
about <three days, whereas maize starch requires about 
a fortnight. The manufacture must be carried out as 
rapidly as possible, with no delay between the yarious 
steps, otherwise soming, with all its disadvantages,, is 
sure to occur. 

The manioc plant is cultivated for its starchy roots 
,which are used extensively as human food, especially 
ip the tropics, as food for live-stock, and for the 
manufacture of .starch. 

It belongs to the EuphoMaceae (milkworts), and is a 
native of Brazil whence it has been carried to all the 
warmer parts of the ^orld. It is probable that the many 
for;us which how exist have been developed by centuries 
v!)f cultivation under widely different conditions. The 
principal forms are kfiown as Manihot utilissima, or 
bitter manioc, and'Jlf. aipi or sweet manioc. 

Six varieties are reported as growing in South America 
when the Spaniards arrived there. There are also, 
apparently, innumerable others besides the tw6 main ^ 
species .[utilissima and aipi) mentioned, some of their 
names being botanical synonyms, as M. edulis*Jairopha 
•manihot, Janipha manihot; and others the provincial 
designations, such as Yuca brava, Mandioca, Bara, 
Banankou ogouma, Camanioc, Hednock, Juquilla, 
Tziin. All the above, however, refer to the bitter 
varieties. In a similar list of sweet varieties we have 
Manihot palmata, M. dulcis, Jatropha dulcis, Yuca 
dolce, Aipini, Bantara, etc. 



Fig. 13 
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MANIOC PLANT 
(from a sketch) 
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The hablratJof the .manioc plant may be best 
llescrfned as 'inff’-iiding all the territories lying within 30" 
^of latitudemn either side of the Equator, and it seems that 
South America i) certainly its original home, Portuguese 
travellers oiifhe riftoenth century mentioning ttie tuber 
as being grown there for food buy the natives. 

The plant grows as a bushy slirub usually 6 to 8 ft. 
high, lithough 16 ft. is occasionally attained. The 
number of the blades making up the leaf vary* consider¬ 
ably both in size and number, there being, for exfunple, 
a nine-leaved variety, “ multifida,” and a narrow-leaved 
one, " genuina ” (Fig. 13). 

The flowers usually grade from light greeni.sh-yellow 
to greenish purple. The roots, the most valuable portion 
of the plant, grow in clusters from one end of the seed 
canes planted in the soil. Single roots are 1J tt 2J in. in 
diameter and up to 5 ft. ui more in length, an average 
cluster of roots weighing 5 to 10 lb., though occasionally 
attaining to a weight of even 30 to 50 lb..< 

All the varieties of bitter manioc, the most important 
■as st'drch producers, contain a certain amount of poison, 
but fortunately this is fery volatile and may be entirely 
dissipated by moderate heating or by exposure for a 
few hours to the sun, and roots which have been cooked 
may be eaten with perfect safety. The bitter manioc 
is the source from which nearly all tapioca is manu¬ 
factured, and it also forms the principal bread-substitute 
food in many tropical countries. 
t' Cassava manufacture made considerable progress in 
the United States in consequence of the partial destruc¬ 
tion of the Florida orange groves in 1894-5. Cora and 
other grains do not yield good returns on the light 
sandy soils, so manioc was tried as a less expensive 
substitute, and soon proved itself an important factor 
in solving the problem of stock-growing at a profit. 
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•T^e manioc is vfry liablf to thelatfjfcks of .the 
“ cooshie ” ants,%and their hafrit of cuw-iji^ (Iff fa!r-siz«S 
f)iece‘i of leaves, ^vwers, iniit, and s^ds, Vh|c]wIl^'y» 
carry back to their nests held uprightfti thcir*jaws, has 
earned J;he title of “ j)arasol ants.” The^;j»^ular tracks 
along which they march in i\\ o streams gojpg in opiK^ite 
directions have been known to extend for a di^afice of 
half a mile. The nests may measinc as much a» m- 
in diameter. Ihe pieces of leaf, etc., are not directly 
usecyor food but, as first suggested by a mining sngineer 
(Fhe Naturalist in Nicaragua, by Thomas Belt), they are 
used to form beds on which they grow a species* of 
fungus Which serves as food both for themselves and 
their young. The material, on arrival at the nest, ij 
cut up very finely and kneaded with the feet and ja^’s 
so that The resulting brown mass shows nothing of the 
original leaves. The particular fungus is cultivated 
with minute care and all alien growths are prevented. 
The cultivation has been so intelligently carrieci out 
that the ants have been able to produce a new sjjain 
of fungus differing frogi the ” wild ” forms. Withoift 
this special food the ants die oNiungef. By the use of 
carbon bisulphide the nests can* be destroyed with 
certainty. 

We find in ^ir Edward Im-Thurm’s Among the Indians 
of Guiana a description of the method of preparing 
cassava adopted by the native^. Women squat on Jhe 
ground *and peel the outer rind from the roots with a 
<arge knife. Each root, after the peeling, is thoroughly 
washed, and is then taken in hand by another woman, 
whoscrapes it vigorously up and down a rasper made of 
a short board studded with small fragments of stone 
fixed by resin or balata. One end of the rasper stands 
in a trough in the ground, the other rests on the woman’s 
knees. As the pulp slips from the scraper into the 
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trough, it bs ccllectcd and placed in a long narrow 
'■vlrndricalibag nvhich hangs from the roof of the hut. 
The bag, k)iownias " matapie,” is woven from the pliant 
ctiticlc Of-the It; i palm, and it is used for squeezing out 
the poisono«'.s juice. This is effected in one of two wa" s ; 
a common practice is to suspend a heavy weight from 
the kwor end "of the tightly-packea matapie, the resulting 
pressure being sufficient to squeeze the poison out of 
the' jiulp through the sides of the bag. In the other 
method a heavy lever is passed through the loop at 
one extremity of the matapie, and one end fixed to the 
flofcr. The woman seats herself on the lever so that her 
weight exerts a powerful pressure on the bag, iwhich is 
thus drawn taut. 

The pulp is converted into flour by pulverizing, and 
largely freed from debris by sifting. A furthez drying 
on a slightly warmed plate, not sufficiently hot to cook 
it, furnishes th'e finished product. The small white 
or yellowish grains aie known as “ conac ” or " havena ” 
in Brazil, wltere it is the staple food of many native 
raceiSr' 

A very fine grade oi starch' is separated from the 
juice by allowing it slo stand undisturbed. A series of 
washings (sometimes assisted by water slightly acidulated 
with lemon juice) are thought necessary. ^ The resulting 
flour is correctly named Brazilian arrowroot. 

The yellow colour is iisually esteemed by the natives 
and is sometimes enhanced by the addition of curcuma. 

, After separating the starch the poisonous juice is 
boiled until it has the consistency of treacle, in which 
condition it possesses no poisonous properties. In, the 
West Indies it is then known as “ cassareep,” and is used 
in the preparation of various sauces (" pepper pot,” 
" cabiou,” “ tucupi ”). It also seems to possess some 
antiseptic properties and on this account has been found 
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us«ful in preserving fdod and, jccordmglf:o scjnie authori¬ 
ties, as a remc<V for ulceration and,i')ptftl[almii. 
Guiana the natiVjC^ treat any symptoms Vof n^pnioc, 
poisofiing, such as may arise from jnef^ient cooking of 
the' juicj, by red pepper moistened with pjfti. 

Cassava cakes are prepared by filling a circular ring, 
resting on a hot plate, with moist cassava flcftr? As 
soon as the mass is sufficiently solid ^le ring is removed, 
the cake*4urncd over, and the other side of it cooked. 
Thesg, cakes are described as tasty and appetizing. 
There are many ether methods of cooking cassava less 
primitive than that just given; the addition of butftr, 
eggs, and* sugar, would doubtless give a more European 
flavour to the cakes. 

Owing to the liability of fresh manioc root to rapjjl 
fermentation, a quick desiccation is essential. In 
districts where the sun temperature is high and the 
nights are not damp drying in the open fe possible. In 
most climates, however, artificial hem must be emplcjred, 
and care faken that the temperature remaiils below^at 
at which the starch is aj^ered. For starch manufaiSure» 
the roots are worked up within twenty flours of digging, 
as fermenting roots cause difficultifls in the separation 
of a g(Jod starch. 

The cleaned foots are rasped in machines of either the 
extemifl teeth type, or, better, the internal teeth type 
as designed by Champannois in ’1866. 

The resulting pulp is carried away in sacks or baskets 
t« the press ; and the final drying is done by exposure* 
to fhe sun or by gentle heat in a drying chamber. 

Income districts, notably in Java, after removing the 
outer skin, the roots are cut up into slices and dried 
in the sun, when they soon lo.se the water they contain 
ind become white. In this form, the manioc, or cassava, 
s stable and can be exported, as is also the case with the 
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dried rootr' de'tined to be grorind to form cassi^va 
four.' ^ ,* 

Tapioca''is iifadc from a still slightly moist starch, 
lire drying hejfg interrupted at the desired 'point. 
About 10 lfc<pf the starch arc put into a steam-jack( ted 
copper pan. Ylie cooking lasts until—generally in a 
few “nhiutes—the mass just shows a tendency to stick 
to the cooker. Tljcn it is detached from the pan with a 
small shovel, and, by deft movements, the tapioca is 
turned over until it is uniformly dried. This operation 
also lasts a few minutes only and gives the characteristic 
shiny appearance. 

The process requires considerable skill and' practice, 
both hands being cigoroiisly employed in stirring the 
starch mass with primitive forks, usually made from 
the worn-out blades of a rasping machine. About 
10 lb. of starch produce about 6 lb. of dry tapioca, the 
loss representing little except water. Further drying 
follows the cooking process either on shallow heated 
cofoer trays’or by hot air. 

with the trays about four, hours is required, but 
stoves or tunnel dryerj need nearly twice as long. 

The operation of Porting (“ piquage ”) and the removal 
of debris is sometimes done by hand, usually by women 
and children; the grading according to the size of the 
finished tapioca by machines. 

Pearl tapioca is made by squeezing the moistened 
starch through a sieve, producing short rods iHthich are 
cooked on hot plates heated to about 90° C. by means 
of direct heat or steam. The mass must be stiired 
and agitated the whole time. 

The description given above applies mostly to the 
smaller establishments. On a larger scale mechanical 
operating replaces much of the hand labour. The 
starting point is the crude lump-tapioca which is 
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grJn’ilated by passing between two pa Vs st’i rollers ^n(l 
graded according'lo size. A separation (5f a.^ dust and 
light ^particles is effected by a fan which p^facflcaSy 
does away with the necessitj' of sbrtiog ny hand. 

Diffeient countries have adopted *characteriftic 
methods of preparing! cas^va as food, and thj ^iter 
has seen a calculation showing that l|-l|lb. of cassava 
are consiftned daily by each of some* hundreds of ♦h»u- 
sands offieople. In Madagascar the natives either eat 
tjie ^ried 'slices of root or boil them in watbr, and 
aftfer the latter treatment it is known as “ manioc 
mahogomainty.” 

Another recipe is to place the cleaned roots in a bag 
and moisten them with water, a vigorous fermentation' 
soon takes place, and the blackened roofs are conside eH 
to be ready when putrefaction is just setting in ; the 
“ manioc vonidraiga ” thus produced ,is eaten with 
meat, fish, etc. 

The sweet ifianioc, which contains no poison, is cooked 
in ashes, or roasted, braised or boiled in the same ma.^er, 
as potatoes, in this condition being known as " haipin." 
In Brazil dried meat and beans Jie^dded to th? b'iled 
manioc^ Jamaican manioc, made into thin cakes, is 
much appreciated in Boston, for eating with tea or 
coffee. ^ Many Creole families make excellent cakes with 
•the help of sugar or coconut mijk. 

In parts of India, the roots are used after plain'boiliilg 
in water, but their flavour when baked is more dainty. 
• JJanioc takes the place of bread and potatoes and forms 
the basis of diet of all the Indian peoples of America, 
AfricS, and Asia. The taste is rather insipid and requires 
a sauce or something strongly spiced. The juice 
pressed from the roots is used for making condiments 
or for preparing a fermented drink. 

In some countries the young shoots and leaves are 

7—(1458c) 
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boii'ec^ as 'J vef^kable, smewhat'In the same n^anner 
ah spinaclj. ■ ' 

Cacsava flour {Can be used for breaid, cakes, etc., just 
as any dther T*drief'y of tapioca, but it is rather less 
nutritive tlfec wheaten flour and less easily digest .;d. 

Tapioca prepared from msnioc is, on the other hand, 
particularly easy of digestion, as in the preparation 
th“ 5*ttrch has beep modified and rendered partly soluble 
in water. 

Cassava flour, given with watery food, is an excellent 
diet for milking cows, and stirred into whey is useful 
for calves. Cows and other animals (horses less readily) 
eat the leaves and stems of sweet manioc, but the food 
. is usually made up as a " mash ” of fresh roots and flour. 
Pigs, sheep, goats, and hens all do well on a manioc diet. 

A good method of preparing a suitable feed of cassava 
for cattle is to mix the flour with twice its weight of 
warm water, and then to scald it with a further quantity, 
eqdkl to the first amount, of boiling water-. By putting 
thk.; mixture again on the fire and stirring for a few 
‘migrates a more digestible form of gruel is produced 
than is obtainable^ b.'-- adding the whole of the water 
at once. 



CHAPTER IX 

BLEACHING, COLOURING, USES, ETC. 

A VERY considerable improvement m the colour of 
starch nfey be brought about by the use of clffejnkal 
bleaching' during manufacture. 

, Bkachiifg powder, or (as it is frequently Hhough 
erroneously called) “ chloride of lime," is often u^d, 
together with a small percentage of either acetic or 
hydrochlbric acid to prevent the contamination of the 
solid starch with lime.^ Bleaching assists the oxidatioi» 
and the removal of all traces of gluten and colouring' 
matter. But this operation must be followed by a 
very thorough washing. Any slight yellow tint may 
be m^ked by the addition of a |mall quantity of a 
blue colouring matter, such as ultramarin^j, Paris #lue, 
indigo, carmine, or aniline blues. Very small amcjpriits 
are used if it is only th* correction of a, yellowish tinger 
but for “ starch blue ” a colWi^erable quantity is 
requir|d. 

Many toilet, prepaiations with innumerable names 
contain starch derived from the potato or rice, incor- 
• porated with various perfumes and essential oils, and 
coloured as desired. 

The colour, which obviously must be “ fast " to light 
8n^ to minute traces of either acid or alkali, which might* 
be present, may be added to the moist starch. In any 
case "great care is necessary to thoroughly incorporate 
the mixture and so obtain a uniform product. 

Starch may be formed into rods by " extrusion," 

' &muel Hall obtained a patent for bleaching starch by 

chloride of Ume in 1821 . 

« 
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i.e.^fccing thrcfUgh a nrfjszle in a manner simiV''r"to 
that used. n making common bricks.' The stiff pasty 
■ ir-ass'‘is' prepared by mixing starch Jflour with starch 
paste and forcin^it through a nozzle of the desired shape. 
The continuofs “ rope ’’ of starch can be cut i-nto ihe 
desired lengths and completely dried. It is more 
difficult, but possible, to produce blocks or tablets of 
staro’i'Tiy compresuion in machines or by shft'ping the 
still moist starch in forms of specially hardened plaster 
of Paris. The latter method is very similar tc- the 
making of bricks by hand. 

P'or special purposes starch of different origins and 
qualities is prepared, and the trade name of the com¬ 
mercial article does not therefore always bear much 
relationship to the source whence the raw niaterial is 
derived. 

Laundry starch may contain borax or other sub¬ 
stances to enhance dhe glossing effect when the goods 
are Ironed. By the addition of a soluble blue colouring 
m*i er, “blueing” and starching may be done in one 
operation. ' 

Wheat starch u^Ua'liy contains some gluten which 
increases the sticking power of the pastes, but a similar 
effect is also produced by incorporating, partly washed 
wheat starch with the much cheaper potato starch 
(farina). By the addition of a little dextrin, or even 
a.ina-paste, to farina, a material simulating the 
product from wheat may be made. 

Starches for technical purposes are usually classified 
as (a) thick boiling, or (6) thin boiling. Both groups 
may be subdivided, the thick boiling varieties' into 
“ chemicalled,” in which alkali has been used, and 
" iinchemicalled," employed mainly in baking powders, 
etc., and for size in the textile industry. The thin- 
boiling starches may be produced either by the drying-in 
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prscess, iA which a certain aiyount of Aydft'chJoric jcid 
is adSed previou%to drjdng, or by the»'jn’sospiension^ 
method. In the fatter the hydrochloric ac?d w add^ 
to a suspension of starch in water nariy^d to a»tempera- 
ture below the gelatinizing point. These -products are 
used in the confectionery ^d laundry trades and yield 
a much thinner paste* than the thick boifmg g^iifes. 

Since ijther more than two-thirds^f the food (d p^n- 
kind belcipgs to the group of carbohydrates, of which 
starch is the most important member, it is easilj%under- 
^too3 that many prepared starchy foods are manu- 
faStured. Starch, however, in its unmodified form* is 
far fion> being readily digested by man, but after 
cooking it may be with great facility. 

Flaked potato, though perhaps hardly belonging t^i, 
the category of starch, is included here, since it is a 
product of some starch facteries. The cooked tubers 
are crushed between steam-heated rolleA, which reduce 
the water cQntent sufficiently lov^ to produce fkkes 
which can be stored without difficulty. 

The potato pulp resii^es can be converted into cirttltf 
foods, but to prepare a food wl!i£h will keep in sound 
condition is not very easy. The vJhter-content can be 
reduced by pressing; and this may be helped by the 
addition of a v5ry small quantity of lime. A feed more 
palatable to beasts results from a lactic fermentation 
'of the pulp in silos, but this ntaterial must be mixjd 
with a more nitrogenous fodder. A fodder which keeps 
ijuch better may be made by a process of drying* 
siirlilar to that used in working up the residues of beet- 
sugat, manufacture. Probably the most satisfactory 
method is to mix one part of pulp to a quarter part of 
molasses, followed by drying and kibbling. 

Starch, in one form or another, is the most important 
substance for giving adhesive properties to size, and 
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stran^th to ihe jiarn. Di^erent stirches give a different 
‘'feel" to-yam,' thus maize starch gives a harsh one, 
iisbicb i^ n(it readily removed by boiling, wliile the other 
starches 'product a oofter feel. This is probably due 
to differencbj. of physical propcities. „ 

There is np doubt about„the antiquity of sizing or 
dressing linen ; we hear of an ancient process used in 
In^iq,^ "the linep.is steeped in rice water varying in 
strength according to the body to be given to bhe linen ; 
when if, is dry it is spread on a well polished Table, 
rubbed with a shell, and then put under pressure.” ' 

'The action of diastase {see p. 12) is utilized when i{ is 
desired to remove starch from wrongly-finished goods 
land so obviate rebleaching. The cloth is steeped in 
at malt extract solution lor a few hours and the resulting 
dextrin and maltose washed out with hot water. 

Size made from potato'starch is largely employed in 
the textile industries, where it is used lor three distinct 
purposes, as (1) a sizing for the warp before it is woven 
in^^rder to'produce a smooth strong thread without 
'an^ fluffy projecting fibres ; (?' to give a finish to the 
woven goods; (3).^ ;.tjually after dextrinizing, as a 
thickener or vehicle for applying colours to the fibre. 

For sizing with wheat starch the sample should show, 
when examined by the microscope, a large percentage 
of small granules and the absence of large assfcmblies ^ 
of. them. Formerly the wheat flour was almost uni¬ 
versally subjected to a prolonged fennentation’-previous 
■■to its use for size making, but now this custom is not so 
usual except for certain work where a light sizing is 
preferred. By the use of zinc chloride similar effects 
can be obtained. The soft feel of cloth produced by 
fennented flour-size (spoken of above) is almost cer¬ 
tainly due in the main to the formation of soluble starch, 
dextrins, and sugars during the fermentation, but the 
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removal (?f the gluteft and thj breaking^ up of agglomer¬ 
ated starch granules also plays a part« , A good size Ui 
this kind may bj /nade liy adding 3J-4 gkls. o^ zin^ 
chloride solution (100-102° T.) to it^O lb. ’of wheat 
flour. , 

The paste from maize ftarch is opaque, thick tind 
white, and does no? readily liquefy on staildfhg or 
lose strength on continued boiling,,but it usually mil¬ 
dews mueh sooner than pastes made from other starcfies. 
Maize siza is used for medium and heavy size^ goods, 
Especially after mixing w'ith wheat starch. 

’Sago starch gives a rather thin paste and strengtHfens 
the yam more than farina, and, unlike the latter, does 
not “ go soft ” quite so readily. 

Tapioca produces a rather thin paste on boiling 
Rice karch is not very often employed as a textile 
size, but is very extensively used in laundries for 
stiffening collars and cuffs. It also Aiables a higher 
polish to be given than other starches, perhaps awing 
to the smallness of the granules. * ^ 

Rice flour requires r^her a prolonged boiling, about 
the same as maize, and the resuHjng feel is rather harsh. 

Soluble starches are much^more applicable to 
“ finiSiing ” cloth fhan sizing, for they lay the fibres 
without giving much additional strength. These soluble 
starcBes are mainly derived from maize starch or from 
farina, but to some extent alsoffrom tapioca. ^ 
The tnost sucoessful methods appear to be those 
•based upon the action of chlorides of calcium, ma^ 
ndsium or zinc on starch. Some are prepared by the 
action of malt, the following being fairly representative 
of the procedure. Mix the farina or tapioca with 2J per 
cent of malt, or 5 per cent in the case of maize or sice, 
with water and warm carefully until thickening begins, 
allow to stand for about twelve minutes and then boil 
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Up quickly. . Tli(j diastase in tlie <nialt will fiot act 
tile pi'esence of (.hloride oi zinc or antiseptics. " 

Derfrin is also very largely used in the finishing of 
cl-rtain cbsses o^ cotton goods. 

The prep^jation known as “ Apparatine ” has be'^n 
much applauded and was for a long time regarded as 
being nade ‘by some obscure' and secret process. 
Dipier^e published, in 1879 (but it was knqwn long 
befbrit; that year), a recipe for making it by the action 
of caustic soda on starch. 

A very satisfactory product can be made from maize 
stavch since the soda overcomes the harshness of the 
maize granule and produces a nice soft finish. ^ A good 
recipe for this is the following ; 100 lb. of maize or other 
starch, 40 gals, water, add gradually with good stirring 
2lllb. of 66° T. caustic soda solution and 24 gals, of 
water; allow to stand two or three hoius, then neu¬ 
tralize with 561b. of sulphuric acid of 25° T., allow to 
stan() and complete' the neutralizing with acetic acid, 
testing the nrixture with litmus paper from time to time 
to control the neutralization. 

Glucose is used as a^softener and enters largely into 
glycerine substitut4.r or glycerine softeners, which 
frequently contain no glycerine at all. Glucose ‘is also 
used as a finisher, its effect being deptndent on the 
method of application and after treatment. 

Softeners render the.yarn pliable and so assist the * 
weaving. When the added weight is about 2ft-30 per 
cent the sizing is described as “ light,” medium sizing 
is used to add weight and produce a certain feel, heavy 
sizing is to give the cloth a better and fuller appearjpee. 



CHAPTER X 

GLUCOSE, DEXTRIN* GT'M 

Mention has been made in a former chapter of som« of 
the products of starcfi which result from*lhe a«t«in of 
dilute acjds. ^ 

The substances known as GIucose*(starch sugar) a!id 
Dextrin ai^ perhaps the best known, but others, such 
as .tTie “ soluble starches,” arc of great importance in 
celtain industries. The various substances derived 
from stafch can only be separated from one another 
with great difficulty, as their properties seem to merge 
into one another. The end links of the chain are easi^ 
recognized as different bodies, but the individuality and 
number of the intermediate* links is not known with 
certainty. The glucose and dextrin n*sntioned above 
are complex mixtures. • , 

The extraction of grape sugar, more correctly called 
dextrose, by the action of acids on starch is a certaisly» 
and this is also the case with nwtose (malt sugar) and 
the action of diastase. Some reSignizable pauses in 
the progressive action of acid (or diastase) can often be 
perceived by testing the products with iodine solution. 
Thus we find— 

Starch gives a deep blue coloration. 

Soluble starch a.blue 
, Amylodextrin a violet 
Erythiodextrin a red 
Agjmoodextrin a yellow „ 

These stages, however, are not sharply divided from 
one another. , 

The end-product is invariably dextrose, which gives 
no characteristic colour with iodine. 
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By the action-of heat only, much the same Jesuits are 
a-^hiev'ed, but ir- this case the products are coloured. 

to abofit 130° C. the alteration is not very marked, 
but the ‘very sKght yellow tint at that temperature 
passes into c pale brown at about 200° C. The mic o- 
scopic appearance of the granules is not much altered, 
but flic* starch now becomes soluble, or partly soluble, 
in waV»r—a property not shared by untreated starch. 

Starches rendered soluble by heat, or by beat and a 
modicpm of acid, constitute dextrin or British gum 
(also known commercially as Gommeline or Alsatiaii 
Giifm). It is an intermediate product between starch 
and sugar. 

The origin of the second name is of interest, and shows 
the curious circumstances which led to the discovery 
of this valuable product. The manufacture cS potato 
flour was badly received by the British working classes 
from the very first. The large increase in the consump- 
tioiv of this vegetable gave rise to fears of a possible 
ri^ in price', and feeling ran so high that incendiary 
'fires of factories became freqi^ent. 

On 5th September ,/’1821, such a fire broke out at 
Chapel Lizard, near^l)ublin ; a workman in one of the 
neighbouring print works, who had" helped to extSiguish 
it, found on the following morning that his clothes had 
now become quite stiff, as though soaked in gum. He 
returned to the parti'ally burnt sheds, and noticed 
yellow and brown clots of flour, which were soluble in 
isvater. Subsequent exireriments with an iron saucepan 
were quite successful. The discoverer and four other 
workmen who had joined with him in the purchase 
of flour, sold the process in Manchester, and emigrated 
to. New Orleans. On the death of the discoverer, the 
secret was passed on to a friend, who returned to Eng¬ 
land, where he manufactmed large quantities. By 
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elaborate *precautionS and nyich blufUng,* the projess 
was kept secret f«r a long time, but tbs piSlhod b^canss 
known on an occj.sjon when, though Jll, he be^aji th^ 
operation in the presence of a cusU^mer, whose* pressing 
order h^ was desirous of fulfilling. In the two following 
years more than a dozen njanufacturers were producing 
British gum. 

Dextrin is the main constituent o^ a number of com¬ 
mercial products derived from starch, but it is harSly 
possible to obtain a dextrin of uniform r^emical 
composition, for varying proportions of sugar and 
similar substances are almost invariably present. • 
The method of manufacture, the temperature em¬ 
ployed, the origin and purity of the starch, all play ^ 
part in the ultimate composition of the product. , ^ 
The simplest method, however, for the conversion of 
starch into dextrin is by heating it to about 200° C., 
prolonged heating almost invariably resulting in yellow 
coloured products. 

Dextrin may be produced by boiling starch \yth 
diluted aicid, but care necessary to arrest the aotioa 
before it has proceeded too far.^tojthiS will result in the 
presence of sugars. ^ 

The* more easily'controlled method of heating the 
starch either alone, or with small quantities of acid, is 
almost universally adopted. It is of supreme import¬ 
ance to subject the whole of thft starch to the necessary 
temperature and to avoid any local overheating. Direct 
Wiring, therefore, is thus practically excluded. But by 
surrounding the roasting vessel with an external jacket 
containing an oil of high boiling point, a uniform tempera¬ 
ture can be maintained. In some designs superheated 
water under great pressure is employed as the heating 
medium. In all cases the vessels must be provided with 
efficient agitators, for without these a uniform product 
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cannot be obtained. Samples are^aken frequently and 
rke progress pfithe conversion followed. When the 
/;pnvqrsiqn is complele the material must be cooled 
down to an ordinaryvtempcrature as rapidly as possible. 

In the larger factories mechanically-driven cociing 
machines, consisting of circular shallow pans of thin 
metai plate lurnished with stirring arms, are used. 

In Jke acid convei;sion process it is necessary t d restrict 
the acid to a very small amount, and to avoid ithe intro¬ 
duction, of much water into the starch. The acids, 
which are selected on account of their being volatile, 
are hydrochloric acid and nitric acid, though, from a 
chemical standpoint alone, others are available ^Fig. 14). 

These acids are used in a highly diluted form, usually 
^pqnsiderably below 1 per cent. On account of the small 
quantity of acid in proportion to the bulk of the dry 
starch, uniform incorporation is not an easy matter. 
A second drying is sometimes used, but by suitable 
spraying devices the need of this repetition may be 
avoided. After crushing all lumps and passing the 
powder through a fine sieve it is conveyed to the heating 
apparatus, and tlie tepiperature raised to about 110° C., 
or slightly lower for tEe palest dextrins. It is, of course, 
possible to combine the drying and dextrinizing in one 
operation, but the product made in this way is usually 
of lower quality than that prepared in specially designed 
roasting pans. 

A uniform and rapid cooling is also as neceksary in 
the acid process as in the roasting method. 

Solutions of dextrins, or liquid gums, are made by 
boiling the starch with acid until the iod'ne tesfe no 
longer shows a deep blue colour. A better liquid gum 
will result from the solution of a dextrin in water, 
which may be clarified by filtration. 

An artificial " gum arable " is made by concentrating 
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the,solution trnti thick an^d viscous, and dryi/ig on nets. 
Sroba'oly deVtfin prepaied from maize starch is the 
^best for general purposes, as that from farina (potato 
starch) isapt to possess a characteristic odour, though it 
appears brighter. , 

Starch which has been trCc^ted in the manner described 
in a loilowing section may be used to prepare “ fine 
white dextrin fjee from odour. Many processes 
have been suggested to produce a starch which.is soluble 
in warpi water, lor soluble starches are superior, for 
many purposes in various branches of the textilb 
industry in which the penetration of the fibre ' is 
important. 

, The group of modified starches contains the bodies 
iptermediate between ordinary starch and dextrin, 
the microscopic appearance being little different from 
the original granules, whfie the iodine reaction shows 
varying shades‘of blue to violet or even a reddish tinge. 
A wariety which is soluble in boiling water without 
fogping a piste results from the action of very dilute 
ttcids and chlorine, followed by /Irying at a temperature 
below 80° C. Thcj^pitment with chlorine may be 
associated with a simultaneous or separate treatment 
with ozone. Other methods empiloy dilute acihs and 
controlled temperatures followed by ' filtration and 
washing with cold water to remove the acid. A'rather 
different process is based on the precipitation of the 
soluble starch, prepared by the action of cauitic soda 
land subsequent neutralization of the alkali by acid, 
by means of magnesium sulphate. 

Mention has been frequently made of the formation 
of sugars from starch by the action of acids. This 
sugar has been proved to be identical with that found 
in sweet fruits and honey, and for this reason has 
received the name of grape sugar, fruit sugar, or glucose. 
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It is jfss easily soluble in watgr and lessswiet than c^ne 
fugar (or beet sugar which is identical *vjtB the pfodu«t 
of the cane). 

On account ol certain optical pnoperlies thi4 sugar is 
known ^s dextrose, a substance which must not be 
confused with the d^xtriiv; 
which have been already 
described. If the latter sub¬ 
stances are present serious 
dif^pulties* are introduced 
into the process of manu¬ 
facturing glucose, especially 
when th* solid product is 
required, but less so in the 
manufacture of syrups. 

The Conversion may be 
carried out in open vessels* 
provided with heating coils 
for steam, the thin starch 
suspension being allowed to 
flow into the continuously 
boiling dilute acid. Heating 
is maintained for a short 
perioduntil a test of a small 
sample of the cooled solu¬ 
tion shows that dextrins are 
no longer present, i.e. no 
blue cdloration rtisults after the addition of iodine 
•sojution, and no cloudiness on adding excess of alcohoX 

Open vessels, however, have now been superseded by 
“ esnverters ” in which it is possible to operate under 
higher pressures and consequently under higher tempera¬ 
tures This mode of conversion requires less than a 
quarter of the time necessary if open vessels are used, 
and is always far more complefe. A pressure of about 
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40 lb. per sqliare nch is used. Owing to the action- of 
Oilute acids ^ on iron the vessels arc' lined with lead 
-JFig, 15). 

The cbntro) of the operation is similar to that de¬ 
scribed, but it is of great importance to stop at the poi.it 
of tiiaximum sugar content on account of the possibility 
of reVe?sion to other sugars (e.g. isomalto.se). 

As sjon as the boiling process is completed'the acid 
is neutralized in another vessel by carbonat* of lime 
and the resultant sulphate of lime (gypsum)- is for the 
most part precipitated. This neutralization is advan¬ 
tageously carried out by the gradual addition of car¬ 
bonate of lime as a fine suspension in water, made in a 
separate vessel provided with the necessary agitating gear. 
Some of the gypsum will remain in solution as it is more 
soluble in a glucose solution than in water, and, In conse¬ 
quence of this, further qua'nlities are thrown out at the 
later stages of the process, and prove a source of con- 
sidejable trouble. The precipitated gypsum and any 
otli“T solid irfipurities are removed by filtration, usually 
by ineans of filter presses, but- other types of filters, 
though less efficient^ .“lay also be used. Some of the 
soluble impiuitics may be removed by filtration through 
bone-black, and made less evident by the bleaching 
action of sulphurous acid or sulphite of lime. 

Any dextrin which has been formed in the " conver¬ 
sion ” will remain in the liquid and consequently the 
formation of this substance must be avoided" at the 
itart, since there is no easy means of separating it from 
glucose. 

The concentration of the solution is carried out in 
vacuum pans frequently in stages which allow the 
intermediate removal of separated gypsum before the 
final boiling down to solid glucose (Figs. 16 and 17). 

This use of vacuum apparatus enables the evaporation 
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of water to take plae'e at mucii lower temperatures 
Jnd obviates dlie risk of over-lieatlng and burning, 
"' '■'hicii ?.re liable to occur in the .old-fashioned direct 
fired pans, or even “with steam coils. 

Some factories use a series of steam pipes over wh.ch 
the glucose tolution trickleo down, and thus overcome 
one of "the difficulties which arise in cleaning the gypsum 
from-fhe pans. lit this system the solution il not long 
in contact with the heated surface, but for the final 
concentration the employment of the vacuum pan is 
essential when a high-grade product is required. 

The progress of concentration is observed by taking 
samples, for which provision is made in the design of 
'dhe pan to enable them to be obtained without any 
" kiterruption of the boiling. 

The contents of the pan when sufficiently concen¬ 
trated are ru^ off into cooling vessels, where they 
solidify to a fairly solid mass if they contain only small 
amdimts of .dextrins and other non-sugar substances. 

•■The non-crystallizable portion is removed as far as 
possible and th,e crystals refined, if necessary. Every 
possible endeavour ^dhld be made to obtain the highest 
possible yield of crystals by working within certain 
limits of temperature, by the correct degree of agitation, 
and by " sowing ’’ the mixture in the crystallizing tanks 
with a small amount of pure crystals. 

(-For a number of purposes solid glucose is not necessary, 
and the manufacture of liquid glucose does no^ demand 
‘such extreme care as does the former product. Th\- 
" conversion ” is conducted in such a way that sufficient 
dextrin (mainly erythrodextrin) is present to prevent 
the formation of crystals. 

The concentration is carried to the point at which the 
gypsum is precipitated, followed by careful filtration. 
It is most important to remove all the gypsum, and for 
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,thli isason filtration at ordinary pressure is soroetiities 
preferred to filter pressing as being iliore conducive to 
"deaf avid bright' syrups. A rapid'-C'Ooling of the syrup 
from the pans is 'also advisable, otherwise coloured 
syrups may result from the action of the air oa the not 
liquid, 

In numerous branches of trade a wholesome colouring 
ruatCeV is required, and for such purposes " caramel ” 
is very suitable. Naturally caramel may be tnade from 
cane iugar, but for many purposes that dferived ^rom 
glucose is superior. 

For colouring beer, wine, vinegar, artificial rum, 
brandy, and confectionery a clear solution is necessary, 
and since dextrin is insoluble in alcoholic liquids the 
■presence of this substance must be avoided.^ 

Tlie actual operation o;f making caramel is easy, but 
judgment is qecessary, as by a too prolonged heating, 
or by the use of <.00 high a temperature, bitter sub¬ 
stances are,- produced, and by insufficient heating the 
dllouring power is much diminished. 

A fairly deep pan, to avoid^loss by spurting, and an 
efficient stirring d#tSe which sweeps the bottom of the 
vessel to prevent burning, are necessary. The tempera¬ 
ture of caramelization is a little below ,200“ C., and the 
end of the operation is ascertained by the stjckiness, 
taste, and depth of colour of the mass, as well as its 
iehaviom: towards 80 per cent alcohol. When the 
tests are satisfactory, hot water is run into the pan and 
the agitation continued for a time, the solution beifig 
then filtered and allowed to cool in barrels. 



CHAPTER Xi 


.FERMENTATION PRODUCTS OF STARCH 

The art of preparing an exliilaratmg or mto;fi<ating 
beverage, by Ihe ferment af ion of various cere^s and 
other farinaceous products was known many cen^iries 
before the Christian era. , 

"Sa interesting discovery which illustrates this great 
riHquity of brewing has very recently come to light 
luring excavations in Egypt. In ancient limes it was 
he custom in that country not only to place in the toml^ 
ustenance and a variety of other offerings for the u^ 
)f the dfeceased, but also to bury with him a perfect 
heture or representation in Tniniature of his everyday 
ife. In the discovery made a short tiraft ago, at Lahun 
)r Gurab, in Upper Egypt, the whofe process of brewing 
)eer is Included in the model, which is aboift 3,700 yeys 
)ld. In a small box, p^ced near the body of the Atadt 
nan, all the vats and other appamtu? necessary were 
eproduced on a small scale, but’in exact minature, 
ind in^ne comer wa's a small quantity of barley. The 
30X also confained exquisitely modelled figures of 
Dreweiy workers. 

The old literature of China reveals specifications for 
:he preparation of malt which are essentially those 
iollowed in the scientific industry to-day. The books 
)f 1000 B.c. read like the treatises of later European 
:heniists on alcoholic fermentation. 

Since the Greeks derived a large part of their civiliza- 
don either from the same source as the Egyptians,.or 
Erectly from them, it is not surprising to find early 
•eferences to brewing in Hellenic writers. One of them 
103 



104 


STARCH 


is i^iade by ilie poet Archilochus, who flourished,.about 
700 B.C., and ojke's by sul)sequent men of letters, from 
which wc learn tliat beer and winq ryere used not only 
at the festive meetii.gs but also in daily life. 

The Bibhcal, or Hebrew, "strong drink,’,’ she Mr 
(from which we get our word spgar), was made from 
palm''c», other juices from other fruits than grapes, and 
also from wheat, qs is the present arrack nov used in 
Palestine. Tirosh is the word for grape wine in the 
Scriptu'cs. ' ,, 

The raw material for the beverages naturally varies 
with the geographical position, but it is probable that 
no primitive peoples are quite without some knowledge 
,of the means of preparing fermented drinks from such 
plants as occur in their climate. 

The natives of South America prepare an alcoholic 
liquor, known as “ chicHa,’’ by the fermentation of 
maize starch, '"whicjji analysis shows to possess an 
alcociolic content of 23-50-54-63 grams per litre. 

Jhe Kaffirs use the seed of the millet (Sorghum 
'mlgare) for a beer by a process »flf malting and brewing 
very similar to t'hatn^.d in Europe for malt beer. 

Farther north, ‘%ousa,’’ an intoxicating drink of 
great power, from the seed of a grass (Poa abyssinica), 
is more usual. The Russian drink “ kvass,” from 
barley and rye flour, the Chinese " samshee ” from rice, 
and the " pulque ” froth the aloe (Agava) will serve for 
further illustrations. The intoxicating drink sak4,” 
»vhich is brewed in large quantities in Japan, is prepared- 
from rice. 

The ferment “ kogi ” is produced by the growKi of 
the fungus Aspergellus oryzae, which forms a whitish 
or.pale green mould on rice. It may be dried and 
preserved in tins like " German yeast.” Seventeen 
parts of steamed rice and three of kogi are stirred 
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fre%uently*by a wooden spoon in a bowl for a perio^ o 
four or five days* The mixtAre is potved’into afiothq 
vessel and covered^with a mat. Thitifirst fermentatioi 
is complete in two or three weeks* Fifty parts of thi 
mixture,are added to a further 150 of boiled rice an( 
200 of water are added. T^c second fermentation taike 
place during tlie following week, when ^he liqtHd i 
poured otf into another vessel where h remains lq{ abou 
ten daysimore before it is ready. The whole pi*oc3^ 
requires about a montli, and tlie product contair\,s abou 
IS-per cent of alcohol. The Chinese product, con 
taming about 36 per cent of alcohol, requires less thn 
for brewing. 

Probably it is a similar mould, known as " raggi,' 
which is the agent for producing from rice the arraql 
of Java‘and the drink made by the Dyaks of Centra 
Borneo. • 


The preparation of intoxicating liquc«-s from cassav 
is widely practised. The method is usually a sigipl 
fermentation of cassava flour, either rawf or partiaU; 
cooked. Batata, or maije meal, being sometimes acMec 


The appearance is not agreeable and* the methods c 
preparation of some varieties ar? repulsive, e.g. th 
very Ifitoxicating drink " piwarsi ” is made as follow 
by the natives of South America ; manioc chips at 
chewefl and the product,' mixed with saliva, is collecte 
in wooden vessels. The bouquet of the fermente 
liquor iS said to differ with each brew I 
I As we are now speaking of alcoholic beverages an 
fermentation, and have already alluded to the operatio 


of distillation and of the various cereals from whicn 


alcohol is derived, perhaps a brief allusion ought to be 
made here to the well-known spirituous liquors—^whi^y. 


brandy, gin, and rum. 

The introduction of the manufacture of spirit into 
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Europe seems dUe to the Arabs, ,as the wotd alcohol, 
4j;ri'(fed from the, Arabid al-koM, suggests. Frfr the 
Arabs, after the i stablishment of the Caliphs, turned 
fiicir ‘attention to'* the study of medicine, and created a 
new era in the science of chemistry by their research'-s. 
Geher, an Arab physician, who lived in the eighth or 
ninth,.cfntury, is said to have trea!Eed of distillation and 
other chemical operations, but the writings attributed 
toi-hiin seem to h'ave been made about the twelfth 
century. Rhazes, a Persian physician of, Baghdad 
(a.d. 851T-923), gives the rules for the vinous fermentatiiAi 
of amylum and sugar, and for the distillation of alcohbl. 
Alexander of Aphrodisia, who lived in the re%n of the 
Roman Emperor Caracalla drew attention to the fact 
that wine might be di.stilled. Surmises also as to the 
'iolrmation of wine by fermentation were made in the 
thirteenth century by Raynond LuUy, who called the 
spirit of wine vltima consolaiio humani corporis. 

In^the north alcohbl is produced from different kinds 
of grain, in the south mainly from wine. 

^ Admixture of malted and unmalted grain is usually 
employed in thc' prodpc.tion of whisky, but molasses, 
rye, rice, starch, pifhtoes, dates, currants, etc., are 
not excluded. In some districts, and especially* when 
malt only is employed, " pot stills ” are* used, but the 
“ patent still ” (Aeneas Coffey, 1831) almost invariably 
in other ca.ses. 

The proportions of the different giains used»to pro¬ 
duce the whisky may vary with the particular flavour, 
desired, e.g. four-fifths malted and unmalted barley, 
one-fifth wheat, oats or rye in decreasing amount^, as 
given. 

It is a curious fact that among no other races than the 
Gaels of Ireland, and of thc Scottish Highlands was 
the liquor called usquebaugh, or whisky, made in 
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pcffectioif in earlier, days. Some woild «ay that this 
is th% case ev^ now. Thf word ipcafls “ W’&ter 
life” {G&elic, uisgc beatlia). I 

Maize, which wa^ introduced principally o«'account 
of the rejieal of the Corn Laws in 1846, is also sometimes 
utilized’for the purpose, as is rye in America. • 

Gin—the name is 5 corruption of the M-cnch^SKiewe 
or the Djitch junever —is derived from grain and^wes its 
flavour Ip the addition of ptniper berries during diftilla- 
tion. A Iprge number of flavouring materials ig at the 
(iiflxDsal of the gin-maker, such as cardamom, orris, 
f^nel, coriander, liquorice, etc. Maize, malt, andtye 
are useck, as well as molasses or low-grade sugars, the 
latter producing a somewhat cnider variety. Holland^ 
and Schnapps are practically synonymous terms fjir 
this spiwt. 

Brandy is almost univcKally understood to be a 
spirit derived exclusively from the grape,fliut" brandies ’’ 
which owe their origin to grain spifit, with the addition 
of flavouring essences, are also manuf*;tured. The 
variety known as Dantzig brandy is derived froiruryw 
and the flavour introduced by tjie addition of Calamus 
aromaticus. Other varieties contaiA spirit from beetroot 
or potato. 

Rum is maiifly the product of fermentation of molasses 
or other sugary by-products, but some is also made from 
‘ beetroot. The name is derived from a Devonshire word 
“ rumbtellion,” signifying a tumult or “ rumpus ” (165()). 

The chief fuddling they make in this island (Jamaicaji 
is rumbullion, alias kill-devil, and this is made of 
sugjrcanes distilled, a hot, hellish, and terrible liquor.” 

Apart from the matter of beverages alcohol is an 
essential in the manufacture of a very large number 
of important chemical substances, e.g. ether, chloroform, 
explosives, perfumes, varnishes, medicinal tinctures, 
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dyes, etc., and as a source of heat and motivi'power, it 
ist destined to'pla,V|an important role indhe near Mure ; 
and though the cosit of root crops grown on cultivated 
fand in Irmficratc regions is too higfi to allow of their 
profitable utilization as sources of alcohol, the possibilby 
of growing them on suitable reclamed land is not to 
be lost eight bf. 

To pi^oduce the amount required annually in pngland 
to're^lace petrol—viz., 250,000,000 gallons—would need 
more than 4,000,0t)0 tons of barley, 12,500,OIK) tons of 
potatoes, or 25,000,000 tons of mangolds. Roughly, tat 
annual production of potatoes in the United Kingdofh 
is only one-half, and of the other materials ba,i<3ly one- 
third of these quantities. Thus, no considerable pro¬ 
portion of such food-crops could be diverted to increase 
'the production of alcohol. And as foodstuffs thby com¬ 
mand much higher prices tiian could be paid for them 
as sources of pivwer alcohol. 

Tl;e production of'alcohol from wood has been under 
trial for several years but has not yet definitely’ estab- 
ksffed itself as a paying manufacturing business in 
normal times.* The usaof rice straw and husk has also 
been suggested, and^xperimental plant established to 
try the success of the proposal. 

In Germany sawdust, chips, and shavifigs are worked 
up lor the manufactiu-e of alcohol, and a short time ago 
(1919) four factories -were working on these raw 
materials. The process consists in heating the wood 
V'ith either sulphurous or hydrochloric acid for 20-40 
mins, at 265° C., under a pressure of 7 atmospheres. 
The liquor, after neutralization, is fermented. But,the 

' During the war several wood-distillation factories were 
erected in England for the production of methyl alcohol. It 
is also reported that the manufacture of wood alcohol in the 
United States has increased since the passing of the Prohibition 
Act. 
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cojt of pfoduction anust be high, anS especially |o if 
the i^sidues cannot be used'for foddsr :ftid the* wasie 
liquors for other products. 

The sun dried flbwers of the Mahua tree have been 
suggested as a source of power alcohol. On the assump¬ 
tion of ^ gallons of^lcohol per ton and a price of 60s. 
per ton of dried flowers delivered at th? factor^, this 
source ijiight be trseful in restricted localities The 
great poibleni, however, in this and many *btlI6i 
suggestioris is the cost of “ harvesting ” the raw yiaterial 
jftil transporting it to the factories. 

*The Journal of the Agricultural Department of South 
Africa hqs drawn attention to the sweet potato and 
its possible use for the production of fuel-alcoho^. 
Compared with the common potato it is more eas^y 
grown, and is a better producer of starch, since it con¬ 
tains about 72 per cent o^ water and approximately 
25 per cent starch and sugar, as against 75 per cent 
and 16 per cent to 24 per cent in th*^ ordinary variety. 

It has also been suggested that the fruit*of the Indian 
or Chinese Lilac (Mdit^azedarach,) commonly known in 
India as the Bead Tree, in Australia as the White Cedar, 
might be used as a source of alcdflol, since the berries, 
aboul^thc size and shape of cherries, though poisonous, 
contain nearljf 30 per cent of total sugar. 

Alcfthol may be also readily produced from the tubers 
of Asphodelus ramosus, a plant widely distributed in 
the countries boidering on the Mediterranean, and, 
experimentally, five litres of alcohol have been extracted 
from 100 kilograms of roots. After pulping, these are 
boilfd with dilute acid, and fermented by a yeast 
acclimatized to similar worts. 

In this respect manioc is also of much interest find 
importance, for the root contains up to 40 per cent of 
total fermentable matter. In the dried root this 
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materia] is about *85 per cent, and under good fonditiejns 
ai)out"120 Iftre^ of alccAlol should result froril the 
treatment of 1(50 llilogranis of starch. 

The simplicity of i(lie cultivation 'oi manioc, and the 
high crop-yields seem to indicate a very importair. 
industrial future for this plant. For the following 
approtiknate iornposition of some starchy raw material 
will inchoate, without further comment, its advaptageous 
pctl;itll)n. 


0/ 

• /O 

Starch. 

% Water. 

Fresh manioc tuber 

25-40 

65-50 

Dried root . 

80-85 

12 

Potato . 

18 

74- 

Rice 

50-75 

14 


_The production of a liquid capable of being fermented 
’to form alcohol is the result of a series of tomplex 
changes in the starch. There are several ferments which 
can produce the desired results, but the general idea 
can he followed out'from a description of a specimen 
method of procedure. 

..6y means of the ferments (jnzymes) in malt, the 
principal ones being known as amylase and dextrinase, 
the starch is converted into dextrins, which in turn are 
further acted upon by the dextrinase resulting In the 
formation of maltose (malt sugar). '• 

The process of conversion or saccharification must be 
carried out with carefid supervision, as the temperature 
at‘which maximum beneficial results are obtainable 
tnust be maintained and the activity of undesirable, 
ferments suppressed as far as possible. Either fresh 
roots or meal may be used. The preliminary cooking 
is done in a conical cooker in the case of fresh roots or 
in one of horizontal type, provided with an agitator, 
when working with meal. 

The material from the cooker is treated in a macerating 
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Fig. 18 

TRIPLE COLUMN RECTIFYING STEAM STILL FOR 
CONTINUOUS WORKING 
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machine, into which the malt felment is introduced, 
and the temperature of t5\e mixture regulated to that 
suited to the fermentation. The action of the ferment 
proceeds in the macerator until saccharification is com¬ 
plete, A rapid cooling of the liquor is neces,sary, a, 
at a temperature of 50-53° C. the troublesome lactic 
acid fCr rent is active, and at 40-48° C. the corresponding 
butyric acid ferment, the latter more often' causing 
trouble than the former. 

Refrigerating machines are usually employed to capry 
out this important part of the process, especially 
necessary in factories situated in tropical climates. 

The subsequent processes may be varied according 
to circumstances. In some cases a period of lactic 
fermentation, la,sting a few hours, is brought about with 
’■{he object of producing a liquor rich in nitrogenous 
bodies and to maintain a certain degree of acidity which 
helps to suppre.ss the growth of undesirable yeasts. 
The lactic ferment is tlien destroyed by heating to 80° C. 
The use of antiseptics is hardly permissible in practice, 
as m many cases they render the residues unsuitable 
for cattle foods. 

Fluorides of sodiurn, ammonium or aluminium, or 
hydrofluoric acid arc, however, employed in some dis¬ 
tilleries. A third method, and one which makes a 
strong appeal when viewed from the scientific stand^int, 
is the adoption of pure Cultures of the ferment, to act 
upon the sterilized mixture. Air, sterilized by jiassing 
through a filter containing antiseptic wool and through 
various solutions, is forced by a compressor through the 
fermentation vessels. Every part of the plant’is kept 
in a sterile condition and the pure cultures introduced. 
It is .possible to make use to some extent of the fluoride 
method, combined with that of pure cultures; but 
ferments acclimatized to fluorides must then be 
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employed. Theoretically, 100 palls of starch should 
produce nearly fif*y-severt parts of alcohol, but such 
„a result is naturally unattainable in practice, since 
ordinary (ethylic) alcohol is not the only product, 
glycerine and succinic acid being also formed m small 
quantities. The conduct of the yhole series of opera¬ 
tions i.j the'' fermentation method described above 
requires the greatest possible care, as the growth of 
" wild ” ferments may destroy a large aniount of 
material, and the optimum temperature for a‘rapid and 
good fermentation lies within very narrow limits. 

The method of saccharification by means of acid is 
perhaps rather easier to control, but it is not'firactical 
t^o convert the whole of the starch by this method into 
fej;mentable sugars. All starch granules are not acted 
upon at the same rate, the young or more recently 
formed granules will have been converted into glucose 
by the time the older ones have arrived at the dextrin 
stage, and as such practically lost. By a more pro¬ 
longed saccharification the glucose formed from the 
recent granules will suffer furthe’- change. 

The cooking process, with a much-diluted sulphuric 
or hydrochloric acid, nas already been described. As a 
strongly acid material will not ferment it is neutralized 
with limestone or lime. The method of working at 
ordinary pressures has been almost entirely replaced by 
cooking under pressure, 'and in this case hydrochloric 
acid is mostly used. 

, The advantages of hydrochloric acid over sulphxuic 
arise from the fact that, in the absence of air, copper 
is not attacked by it, and the operation of separating 
the solid calcium sulphate does not arise, since the salt 
produced in this case is the soluble calcium chloride. 
A preliminary lactic fermentation is not necessary as a 
slight acid reaction can be left in the liquor by stopping 
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th** additibn of the 4imc at a fixed point*, at a 

trace of the acid remains finneutraljzect. The* mavi 
fermentation can be conducted either by the flyoride 
ifiethod, pure culture method, or a*combina!ioa of both. 
The Wjhole scientific basis of the fermentation industry 
has its origin in the^ wor^ of Pasteur. For the first 
industrial starch ferment [Amylomyces rJuxii) aftd in 
a distille»y was that discovered and isolated by C^mette, 
director «f the Pasteur Institute in Lille, during a viSt 
to Indo-Cbina in 1892. In 1897 the distiller, Qollette, 
introduced this yeast into his factory, but many modifica¬ 
tions of the first method of procedure were proved to'be 
necessary\ Another ferment, " Mucor D,” was also 
isolated, which possessed the useful property of surviving 
a higher alcohol content than the earlier growths. 

The rfcidues left after the removal of the alcohol by 
distillation are employed as battle food, and are readily 
taken when stock have become ^sed “to them. The 
stiU-residues are filter-pressed, and the cakes dried to a 
moisture content of about 20 per cent of rather lejs, 
usually after extracting any oil in a special apparatus.* 
A desiccation to a lower moisture r,ontent in a vacuum 
also affords an excellent cattle fo5d 
Varfous forms of still are used in separating and 
eventually rectifying alcohol, their type depending 
mainl/ on the desired quality of spirit, and to some 
extent upon the character of the labour available 
(Figs. 18 and 19). • 

» Crude alcohol contains varying amounts of chemically* 
different spirits and ethers, and the object of the 
intiicate arrangements of distilling plant is designed to 
effect as complete a separation as possible of these 
substances from the ordinary (ethylic) alcohol. • 
The operation is in practice a very compUcated one, 
as the different temperatures at which the various 
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conjitituents ‘ pass into vapour, -and theif different 
rviutudl solullllities are no means ‘the only lactors 
which must be considered. Whenever practicable the 
distillatien is continaous so as to avoid loss of output 
incidental to the periodical working up of batches 


Notk to I’Ac.E 109. 

Since the aboi'e was in tyiie, a product obtaii. .d 
from the fruit of the Aidina insii’nis, and known under 
the name of Dakamballi, lias been examined (1922) 
as another possible .source of alcohol, and found to 
contain about 76 per cent of starch. In the form of 
nSucilage it is much used in British Guiana as an 
antidote for dysentry. 
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I Cedar, white, 109 
, Cellulose. 8, 10. 14 
I Cclsus, 3 
! Cereals, 1, 2 
j Ceylon, 70 
Champannois, 81 
I Charlestown, 53 
I Chestnut, horse, 15, 73 

-, Morton Ray, 72 

I Chicory, 8 
I Chili, 20 

I China, 47, 51. 60, 103 
n7‘ • ■ 
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Chios, u 

Chlorophyll, 7« 

(jiloride of lime, k’fT 
.Citric (icicl, 10 ( 

Ck)ffey, Aeneas, 100 
(’olcman, 7 
Collette, 115 
ColKns, 45 
Colloid ijj 10 • 

Conac, 

Conv^‘rsi»)i». 110 
C^/avert<‘r. 97 
Coriander, 107 
Crete, 3,‘04 
Ciirrawan, N S W., 72 

Dakambau-I, 116 
Dalhid, 8 

f )andolioii, 8 
>anubc, 46 
t Dlttc, 1 

De Candolle, 1, 45 
Dextrin, 8, 12. 90. 91 

-, white, 96 ^ 

Dextrinasc, 12, 110 
Dex^ose, 11, 91, 97 
Diastase, 12, 8£, 91 
iCscorides, 3 
ipitrre, 90 
Di-saccandes, 10 
Drenlhe, 20 
Dublin, 92 
Ducks. 62 

Durra (or Dhurra), 46, 52 
Dyaks. 105 
Dysenter5^ 116 

Egypt, 3, 34, 103 
Enzyme, 8, 12, 43 
Itrythrodextrin, 11, 34, 102 
Euphrates, 34 

Farina, 21, 30, 31 
Fennel, 107 

Ferpientation, 7, 86, 102, 108 

-, vinous, 106, 121 

Flaudin, 73 
Fluorides, 45, 78 


FosbrCiOke, 4 
Franco, 23 ^ 

Caeus, 11^ 

(ieber, 106 
Cieese, 62 
(iolatin, 15, 32 
(lerarcle, 6 

'r.crmUny, 19, 2(), 198 
Cliii, 1(15, 1(17 
Clucase, 12 * 

(Ihicose, 10. 12, 13,,90, 91, 96, 
98 

(iluten, 36, 37, 39; 40. 43. 85 
Clycogen, 9 

(iommcline, 92 " 

(Trading of food-stufis, 60 
Cranada, New, 20 ^ 
Granulose, 13 
Greece. 34, 44. 103 
Cironigcn, 20 
Guiana, 79, 116 
Guillam, Mrs., 4 
Guinea com, 52 
Gum Arabic, 94 

-, Alsatian, 92 

— - British, 92, 93 
tiurab, 103 
G5'psnm, 98, 100 

Hall, Samuel, 85 
Hart, John, 7 
Havena, 80 
Hebrews, 104* 

Hedenus, 70 
Herman, Mount, 34 
Herodotus, 55 
Hippocra/.es, 3 
Holland. 4, 6. 20 
Hollands, 107 
Hungary, 47 
Hurdle starch, 41 
Hydrochloric acid, 16, 108, 
114 

Hydrocyanic acid, 52, 94 
Hydrofluoric acid, 112 
Hydrolysis, 11, 13 
Hydrometer, 22 
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Im-Thurm, Tir E , 79 , 

1 ndia, 47 
Indies, East, 74 
- —, West, 74, 75 
I»uhn, 8, 56 t 

Iodine, 12. 96 
Islcworthj 3 
Isomaltose, 98 
Italy. 44 ^ 

Jamaica, *75, 83 
James I, 6* 20 
Japan, 60, 104 
Java, 56. 69, 81 
JorScs, Orlando, 7. 65 
Jorison, Bt*n, 5 
Juan Fernandez, 44 
\ 

Kaffirs, 104 
Kashgar, 55 
Kausun, 64 
Ketan, 5^ 

Khir, 52 
Khotan, 55 
Kirchoff, 7, 11 
Kogi, 104 
Korakair, 52 
Korea, 47 
Kuwada, 45 
Kvasc, 104 

LACTiCjacid, 15, 112 
Lahun,'l03 
Lichenin, 8 
Lignin,*8 

Lilac, Chinese, 109 
— , Indian, 109 
Lille, 11% 

Lousiana, 58 
Lully, Raymond, 106 

Macaroni, 6 
Madagascar, 55, 83 
Magnesium sulphate, 87 
Mahua tree, 109 
Mailoran’s mill, 36 
Maize. 1. 2. 8. 15, 33. 44. 45, 
89, 107 


Maize-fly, 47 , 

-V-, horse-toothed, 47, 

Malic acid, fflQ 
Maltose. |l, 12. 13, 91, 110 
Malt-spga^. 10 • » • • 

Manchester, 92 * 

Manioc, 8, 17. 76, 109, 110 

-, bitter, 76 « 

Manmte, 10 t 
Maquenne, 13 
Martin, 42 
Matapie,* 80 
Mealies, 46 
Mi'xico, 45 
Milk-sugar, 10 
Millet, 1, 50, 55 

- - barnyard, 52 

-, brown-corn, 52 

-, Hungarian, 47 

-• - . Italian, 47 

-, pearl, 52 

Mimetic magic, 58 

• Monosaccharides, 10 
Mtnitvtin prize, 7 
Mould,, 23, 54. 40, 41 
Miicor, D., 115 
Murray, 7, 73 
Mysore, 52 

New Orleans, 92 
NewtojiV Samuel, 7 
Nitric acid, 94 
Norwich, 3 

Oat, 44 

, Hungarian, 44 

- , Turkish, 44 
Orchis, 72 
Orris, 107 
Oxalic acid, 16 
Ozone. 96 

Padi, 62 
Palestine, 104 
Palm, Burrawang, 72 

-, coco-nut, 70 

-, Gomuti, 69 

-, Palmyra, 70 
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Palm, Zamia, 72 
Pantreatic juicf. 12 
Parana river, 36 , 

Pans, 73 
Pasteur, *iJ5 ‘ 
fVcis, 2. l7, 60 
Pekin, 44 
Ph<«i(>I. 41 
Pilccrif, 44 
Piquage; 82 
Pisa, 55 1 ) 

Pt-Wiihi, 105 
Pliny, 3, 42 
Polysacoharides, 10, 11 
l^otassium phosphate, 21 
Potato, 1, 2. 8, 17, 110 
. ICnjilish, 19 
, Dutch, 20 

-, sweet. 1, 70, 109 

- -rasper, 25, 26 
P» >tein, 9, 44 
Ptyahn, 12. 121 
Puhit, 56 

Queen Ehzabelli,*5. 6 - 
Quee 4 ^sland, 80 

t 

l<j«.EioH, Sir W , 20 
khaA's, 106 

Hire, 1, 8, 15, 33, 55, 89, 108, 
110 '■ 

-, Canadian, 64 

--leaf hopper, 62 

-stalk borer, 62 

--worm, 62 

Kothamsted, 25 
Koux, 7, 13 
Hum, 105, 107 
Russia. 44, 54 
K-Vder. John. 7 
Rye. 15, 43. 44, 107 

Saoo, 8, 15, 18, 68. 89 

-, artificial, 69 

St. Kitts, 75 
St. Vincent, 75 
Sak6. 104 
Salep, 72 


I Salivjfe 12 
1 Samshee, 104 
! Sanwa, 52 
Saponin, 72, 73 
SaiiTidelts, C, E., 36 
Scandinavia, 44 
Schnapp.s, 107 
Shama, 52 
‘■Shek^r, 104 
Sheriff, Patrick, 36 
Siam, 64 

Skeat. W. W . 36 
Soap, 21 

Solamn, 22 ' 

Sorghum, 1, 33, 52 

Sounsop, 70 

Soy. 1, 60 

Spam, 33 

Spidt, 33, 34 

Starch, crystal, 47, 50 

— —, hurdle, 41 
—^—, lump, 47, 50 

— , prismatic, 67 

, thick-boilmg, 86 

— , thin-boiling, 47, 86 
Starchmakers’ Corporation, 

6 

Sterksel, 3 
Stinis bug, 62 
Stone age, 33, 34 
Stowe, 4 

Straits Settlements, 56« 
Stubbs, 4 ^ 

Sulphur burner, 47 
Sulphuric acid, 30 * 

Sulphurous acid, 30, 108 
Sumatra, 58 
Sunflowerf 9 
Switzerland, 33 
Syon mona.stery, 3 

Tacca arrowroot, 74 
Tahite, 74 
Tapioca, 18, 75, 89 
Ta.shkind, 55 
Tartaric acid, 10 
Teosinte grass, 45 
Texas, 53 
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Tigris, 34 ' 

Tor^ellar, 46 
Turner, Mrs., 5 

USQUEBAUGH, 106 


Wheat, 2. 8, 33, 44 
- - , Manjuis, 34 
Whisky, 10f:,.106 
Wicklianif 'I'hoinas, 7 
Wordsjvorth, 74 


Van der Plassen, Mrs., 4 
Veencolonien, 20 
Villiers, 13 
Virgil, 34 
Virginia, ‘J2 


^'AM. 70 
Yucatan, 46 

Zend-avesta, 55 
Zinc-chlonde, 15, 88 


ADDITIONAL NO'I KS 

I^'ekmentation (|). 106). Then' arc roughly speaking Ave 
difierent syecics of fcrnicuitation-- 

(1) Vinous, which converts sugar into alcohol. 

(2) Ac&lous, which converts acohol into vinegar. 

(3) Saccharine, winch converts starch into sugar 

(4) I^cilaginous, which converts sugar into gum. 

(5) Putrejactive, which con^ierts organic substances into 

gases. 

Ptyalin (p. 12). This enzyme of sahya converts starch into 
sugar. The test for sugar (sulphate of copjicr and liquor potassac), 
produces^ no reduction of the oxide of copper ir a solution of 
starch not treated with saliva. But a mixture of starch rnd 
water held in the mouth fv two minutes only, when so te ted,' 
shows a clear red line of retluci'd copper, the evidence of the 
presence of sugar. If held in the inoi^fh for three minutes a 
still mare decided manifestation is apparent, and if retained 
there fOT five minutes a’distinct mass of reduced copper, propor¬ 
tioned to the quafltity of sugar formed out of the starch, becomes 
visible., 
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PRK’I! 

Arithmetic and Book-keeping. 

By Thos. Brown. E.S.S.. and VinT-ent E. Collinoe. 


A.C.T4B. In two parts. Parti , 

. Net 

2/6 

Part. IT . » 

. Net 

1/3 

Arithmetic Glass Book 

. By W. H. Barham. 
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Arithmetic of Commerce * 

By P. W. NORBlsf M..A., B.Sc. (Hons.) 

Business Calculations 

. Net 

4/- 

By P. Heelis, F.C.I.S. 


2/- 

CoiQplete Commercial Arithmetic 

! Net. 

3/- 

Answers. 

1/6 


Complete Mercantile Arithmetic 

By H. P. Okeen, P’.tl.Sp.T. (With Key) . N(lt 6/- 

Gounting-House Mathematics 
By H. W. PoBWTT and W. Nicklin, A.S.A.A. . Net 2/- 
Elements of Commercial Arithmetic 
By Thomas Brown •...•■ Net 2^ 
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Logarithms Simplified 

By (,'ari<, B.Sc., and A. 0. PAiiKiNSoy, 

Aa 11>. . . ..‘ . . Net 2/6 

Metric ,and British System of Weights, 

, Measures^ and Coinage 
By 1)R. P. Mollwo Perkins .... Net 3/6 
Principles and Practice of Commercial 
Arithjnetid 

By 1'. W. Norris, iM..A.. B.Sc. . . . Net. 7/6 

Jlaivid ATethods in Arithmetic 
By .loiiN Johnston. Revised and Edited bv O. K. ' 
Bit(knaj,l. A.C.l.S. . . . . " Net 1/- 

Slide Rule Applied to Commercial Calcula¬ 
tions, The. 

By B. M. Shireby .Net 2/6 

Smaller Commercial Arithmetic 
BV C. W. Crook. B.A.. B.Sc. . . . Net 2/- 

I ' 

BOOK-KEEPING AND ACCOUNTANCY 
Accountancy ' , 

By F, W. PixLEY, E’.C.A., HiirnKlcr-ut-Law . Net 7/6 

Accountants ’ 'Dictionary 

ijdfted by P. W. PiXLEY, F.C.A. In 2 Vols. . Net 63/- 

Accounting * 

By S. S. Daw.son, M.CoiRi., F.C.A., and B. C. i)E ZoucHE, 

.I^et 10/6 

Accounts of Executors, Administratqrs, and 
Trustees 

* By William B. Pmi.i.fp.s, A.C.A., A.C.l.S. . Net 5/- 
Advanced Accounts 

Edited by KooEit N. Carter, M.Com., ,e.C.A. . «\et 7/6 
Key to Advanced Accounts 
By K. A. CooDMAN ...... 20/- 

Advanced Book-keeping .... Net 3/6 

Advanced Book-keeping Exercises for 
Commercial Schools 

By A. J. Favell, B.8c.(Econ.), A.C.l.S. . . .2/6 

Apportionment in Relation to Trust Accounts 

By A. F. Chick, Incorporaied Arcauntanl . Net 6 /- 
Auditing, Accounting, and Banking 
By F. Dowlek, A.C.A., and E. M. Harris, A.I.B. Net 7/6 
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Auditors : Their Duties and Respbnsibilities 

By Fj W. PlXLEY, P^C.A. . * Zlh 

Balance Sheets* Business* 

By F. B. Stead .^ 10/6 

Balance Sheets, How to Read hnd UnSePstand 
Them. By Fiuup Tovby, F.C.l.S. . . Net 2/6 

“ Bedrock ” Book-Jceeiyng Chart, The 
By .T. Stephenson, M.A., M.Oom., D.Sc. . . J/- 

Bedrocl^of Double Entry Book-keeping, The 
By Chaisles W. Westron, Chartered AcconnUini Isfet' 1/ 
Book-keeper’s Vade Mecum, The , 

B>j S. Howard Withey, A.L.A.A. . . . Net 3/1 

Book-keeping, A Course in 

. By R. W. Holland, O.B.E., M.A., M.Sc., LL.D. Net 4/- 
Book-keeping and Accounts 
By E. E. Spicer, F.C.A., and E. C. Peoler, F.C.A. Net *20/- 
Book-ke,eping and Commercial Practice ■' • 
By H. H. Smith, F.C.T., F.hic.S.T. ... 1/9 

Book-keeping for Advanced Divisions and 
Secondary Schools • 

By .John Grbio, F.C.R.A., P.C.C.S., F.C.I. In thr«fe 

Parts.• . Each- 2/6 

Book-keeping for Beginners , • 

By W. E. Hooper, A.UI.S . Net 2/- 

Book-keeping for Bootmakers. Retailers, etc. 

By F. W. Whitfeeld. Net 3/6 

• Book-Keeping, for Commercial and Secondary 
Schools 


By C.*H. Khiton, A.C.I.S. 

Net 

3^ 

'Book-keeping for Retailers * 

By H. IV. PoRROT and W. Nicklin, A.S.A.A. 

Net 

2/- 

i^ook-keeping for Shopkeepers 

By J. Greio, F.C.I. .... 

Net 

2/6 

Book-keeping, Modern Methods of 

By“B. H. Epps, Chartered Aeeouniani 

Net 

4/- 

Book-keeping Teachers’ Manual 

By C. H. Kibton, A.C.I.S., F.Inc.S.T. 

Nef 

7/6 

Branch Accounts 

By P. Taggart, A.S.A.A. 

Net 

3/- 

Builders’ Accounts and Costs • 

By Robert 0. Leoge. 

8 3 

Net 

3i 
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Business Book-keeping 
liy J" Routley 

Net 
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■ 3/6 

Commercial Goodwill ' ' 

By P. p. Leake, P.C.A. .... 

Net 

21/- 

Commercial Mathematics 

By Ij. TT. L. Davies, B.A., and E. G. H. Habakkok 


5/- 

Company Accounts 

By ABYijiUR P.C.I.S. 
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7/6 

Cbnsignments, Account Sales, and Accounts 
-- C-urreht 

By E. ,T. Hammond, A.C.I.S., A.L.A.A. . . ' Net 

5/- 

Cost Accounting 

By W. Ainsworth, A.C.I.S., A.O.W.A. 

Net 

’ 51 - 

Cost 'Accounting 

By W. B. Lawrence, C.P.A. .... 

Net 

21/- 

Cost Accounts in Principle and Practice 

By A. Clifford Bidgway, F.C.A. . 

Net 

51 - 

Cost Accounts for the Metal Industry 

By H. E. Parkbs, M.Com., A.C.W.A. 

Net 

10/6 

Costing and Price Fixing 

By .r, M. Scott-Maxweix, B.Sc. 

Net 

51 - 

Costing, A Primer of 

Py'-fl. J. H. Byall. 

Net 

51 - 

Costing, Dictionary of 

By B. J. H. Byall. 

Net 

10/6 

Costing, Theory and Practice of 

By E. W. Newman, A.C.A. .... 

Net 

8/6 

Costs for Manufacturers 

By C. Smith. 

Net 

5/- 

Depreciation and Wasting Assets 

By P. D. Leake, F.C.A. .... 

Wet 

15/- 

Dictionary of Book-keeping 

By B. .T. Porters ...... 

Net 

7/6 

Examination Notebook for Accountant 
Students, An 

By Ernest E. Spicer, F.C.A., and Ernest C. Peqler, 
F.C.A.Net 

4/6 

Executorship Accounts 

By C. Townsend ...... 

Net 

51 - 

Foreign Exchange Accounting 
. By C. Djorop . . . e. 

Net 

16/- 
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JJooK-keepin| and Accountancy—conta. 

Full Course in Book-keeping 

By If. W. PoBitWr and W. tiiCKUN, j^S.A.A. "Net 6/- 
Graded Book-keeping Exercises for 
^Commercial Schools 

By A. J. Favbll, B.Sc., A.C.I.S. . 2A 

Higher Book-keeping and Accounts . 

By H. W. PoRRiTi' aUtd W Nicklin, A.S. ftA. ^et 6/- 

Holding Companies • * 

By A. f. Simons, A.C.A. (Hons.) . . . Net^lO/^m 

Hotel Bdok-keeping.Net 2/6 

Hojv to Become a Qualified Accountant * 

IJt R. A. Witty, F.S.A.A.Net 8/6 

Introductory Mathematics 

• By J. E: Rowe, Ph.D.Net 10/6 

Manual of Book-keeping and Accountancy • 

By A. Nixon, F.C.A., and H. E. Evans, A.C.A. . Net ^ V/6 
Manual of Cost Accounts 
By H. Julius Lunt, F.C.A.r A.C.I.S., F.C.W.A. Net 7/6 

Notes of Lessons on Book-keeping* 

By J. Routley .Njt 8/6 

Practical Auditing • 

By B. E. Spicer, F.C.A., and E. C. Peoler, F.C.A. Njt* 21/- 

Practical Book-keeping . 

By G. Johnson, P.C.I.S. ... . .Net 6/- 

Princijiles and Practice of Book-keeping and 

• Accounts. ;By B. G. Vickery, A.C.A. . Net 12/6 

Principles of Accounts. Part I , 

By J. Stephenson, M.A. M.Oom., D.Sc. . . .8/6 

^•rinciples of Auditing 

By F. ft. M. Be Paula, O.B.E., F.C.A. . . Net 7/6 

Principles of Book-keeping Explained • 

By I. H. Humphrys ..... Net 2/6 

Quej^tions and Answers in Book-keeping and 
Accounting. By F. P. Sharles, F.S.A.A. . Net 10/6 
Sharles’s Elementary Book-keeping 
By F. F. Sharles, F.S.A.A., F.C.I.S. . . .8/6 

Shopkeepers’ Accounts Simplified 
By C. D. Cornell : . . . . Net 2/- 

Sinking Funds, Reserve Funds,\ind Deprecia¬ 
tion. By J. H. Burton, A.S.A.A. . Net Jn) 
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BUSl^fESS TRAINIlfc, ETC. 

Authorship and Journalism 
Bjjj AlhIjrt E. 'Bull . ( . . i. . Nit 3/6 

Business Handwriting .... Net 1/6 

business Methods and Secretaria'l Work for 
Girls and Women 

By Helen Eeynard, M.A. .... Net 2/6 

Commetrre fof Commercial and Secondary 
‘ Schools 

By;,JV.'J.-E avell, B.Sc.(Econ.), A.C.l.S. . . .3/6 

Commerce, Stage I 

By A. .TAjies.’ . , 2/6 

Comipercial Handwriting and Corre¬ 
spondence .Net 2/6 

Commercial Practice 

By Alfred Schofield ..... Not 3/6 

Ccur.ting-House Routine. 1st Year’s Cour^ 

By Vincent E. Collinge, A.C.I.S. . . . Net 1/9 

Counting House Routine. 2nd Year’s Course 

By Vincent E. (foLLiifOE, A.C.I.S. . . . Net 3/6 

Elemelits of Commerce 

ByO/’- Heywood, A.C.I.S. .... Net 4/- 

Gatne'of Commerce, The 

By H. Kendrick ‘.Not 3/6 

How to Become an Auctioneer and Estate 
Agent 

By W. F. Nokes, P.A.l. . . . ' . Net 3/6 

How to Become a Private Secretary ■ 

By J. E. McLaciilan, P.EP.S. . . .Not 3/6 

How to Enter the Mercantile Marine c 

By R. A. Fletcher .Net 3/6 

How to Study for Examinations 

By D. Cooper.2/- 

How to Write a Good Hand 
By B. T. B. Hollings ..... Net 1/6 

Juniol: Woman Secretary 
By Annie E. Davis, F.Inc.S.T. . . . Net 2/- 

Manual of Business Training . . .Net 4/- 

Modern Business atid Its Methods 

^By W. Campbell, Chartered Secreta^ 
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. Net 7/6 
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Business Training—cotitd. 

Popular Suide to Journalism 

By &. Kinostojt . . •.* Net . 2/6 

Practical Journalism and Newspaper Law 
^y A. Baker, and E. A. Qope . • *N^t 3^8 

Principles and Practice of Commerce 
By Jat«bs Stephenson, M.A., M.Com., D.Sc. . N^t 8/6 
Principles of Business • 

By James Stephenson, M.A., M.Com., D.Sc. 

Part I,^et 2/8; . . . . Part II, Net 8/6. 

OuestioBs and Answers on Business Practice * 

By K. J. IlAMMOND, A.C.I.I., A.L.A.A. . Net 5/- 

Routine of Commerce 

By Alfred Schofield, B.Sc.(Econ.) . . Net 4/- 

Short Story Writing and Free Lance 
Jourdalism 

By S. A. Moseley .Net • 7/6 

Theory and Practice of Commerce • • 

. Edited by F. Heelis, P.C.I.S. . . . Net 7/6 

Traders and Trading * 

By W. J. Weston, M.A., B.Sc. . . Net 2/6 

CIVIL SERVICE 

Civil Service Arithnletic Tests 
By P. J. Vabley-Tipton . . * . . Net 2/8 

Civil Service Essay Writing * 

, By J. Addis, M.A.Net 2/8 

Civil Service Guide 

By A,J. Lawford JonEs .... Net 2/6 
•Civil Service Practice in Pricis Writing 

Edited by Arthur Reynolds, M.A. (Oxon) . Net 2/6 
Copying Manuscript, Orthography, Hand- 
• writing, etc. 

By A. J. Lawford Jones .... Net 3/6 

Digesting Returns into Summaries 

By A. J. Lawford .Tones .... Net 2/6 

Elementary Precis Writing • 

By Walter Suawcross, B.A.Net 2/- 

Guide to Indexing and Precis Writing 
By W. J. Weston, M.A., B.Sc., and E. Bowkbr Net 2/- 
Indexing and Pr6cis^ Writing * 

By A. J. Lawford Jones .... Net fffi 
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ENGU;^ AND COMlflERCIAL 
■CORRESPONDEMCE 

" ~ t irr-n.— j 

Business Letters in English 
^ By W. 'j. 'WesSton, M.A., B.Sc. . ( . .Net 

Commerce and Correspondence 
By E. H. Grout, B.Sc.(Econ.) . , , Wet 

Commercial Correspondence and Commercial 
' English . . . ■ . .Net 

Comme'rcial Dictionary. .... ,Net 

Common, 7 sense English , 

By K. W. Holland, M.A.. M.Sc., LL.D. 
Correspondence of Commerce, The 
By A. Bisdon 1’almek, B.Sc., B.A. . . ^Net 

Dictionary of Correct English, A 

Bf M. A. Pink, M.A.Net 

Eitglish and Commercial Correspondence 
By II. Nagaoka and D. Thbqphilds, B.A. 

English Composition and Correspondence 
By J. P. Davis, D.Lito M.A., LL.B. (Ix>nd.) . Net 
EnglisVt Exercises. A Book of Homonyms 

BytB. S. Bakhett. 

En|lisli for Commercial Students 

By n. W. Houghton .Net 

English Grammar and Composition 
By W. J. Weston, M.A., B.Sc. (Lond.) . . Nit 

English Mercantile Correspondence ‘ . Net 

English Prose Composition 
By W. J. Weston, M.A., 'B.Sc. (Lond.) . . Net 

Essentials of Speech * ' 

By John B. Pelsma .Net 

Guide to Commercial Correspondence and 
Business Composition 
By W. J. Weston, M.A., B.Sc. (Lond.) . 

How to Teach Commercial English 
By Walter Shawoboss, B.A.Net 

Manual of Commercial English 
By Walter Shawoboss, B.A. .' . . . Net 

^^nual of Punctuation 
NKiy w. D. Webster . . '. 


PKICB 

. 0/6 


6 /- 


3/6 

1/6 

. 1/6 


4/- 

2/6 


2 /- 

3/6 

2/6 


4/6 . 
3/6 


7/6 

2/6 

3/6 

3/6 


1 /- 
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Eitglish and Gotnijiercial Cofrespopdence—contd. 

New Era spelling Manual 
By H, J. Bowee .* . . 2/6 

Pocket English*Dictionary 1/8 

Principles and Practice of Commercial Corre^ 
spondence * * • 

By J. .Sj'EPHENSON, M.A., M.Com. . . . Net 7/6 

Punctuation as a IV^eani} of Expressim * 

By A. E. Ix)VEi,L, M.A. ..... •^Jet J/- 
Synonyqis and Antonyms, Pitman’s Book of 

* Net • ZjS' 

COMMERCIAL GEOGRAPHY AM) 
HISTORY 


Commercial Atlas of the World . . Net 

Commercial Geography of the British Empire 
Abroad and Foreign Qountries 
Commercial Geography of the British 

Isles. «... 

Commercial Geography of the Worldl, 
Commercial History 
By J. li. V. Maecitan’^ M.A. . , . 
Economic Resources of the Empire 
Edited by T. Woeswiok, O.B.E., M.Sc. 

' Elemefits of Qomniercial Geography 
By C. H. Grant, M..Sc., P.R.Met.Soo. 

Elements of Commercial History 
• • By Fred Hall, M.A., B.Com., F.C.T.S. 

Geography of Commerce, The 
By W. P. Rutter, M.Com. < . . . 

ftlstory of Commerce, The 
By T. G. Williams, M.A., P.R.Hist.S., P.B.Eoon.S. 
Prltfciples of Commercial History 
By J. Stephenson, M.A., M.Com., B.Sc. 

Rise of British Commerce, The 
By K. Q. IjEwis, B.A., and N. Branton 
Statistical Atlas of the eWorld, A 
By J. Stephenson, M.A., "M.Com., IJ.Sc. 

World and Its Commerce, The 


* 6 /- 

• • 


Net 

8/- 

Net 

2/6 

Net 

4/6 

m 


Net 

*6/6 

Net 

5/- 

Net 

2/- 


• 

Net 

2/- 

Net 

.5/- 

Net 

5/- 

Net 

7/6 

• 


• 

8/6 

Net 

7/6 

Net 

ZJ/C 



ECONOMICS|, 

British Finance (1914-1921) . 

EditeJi hy A. W*Kibkaldy, M.A., B.Litt., Ht.Com. Nat 
British Labour (1914-1921) 

Edited I'yiA. ty. Kibkaldy, M.A., B.IAtt., M.Com. Net 
dictionary'of Econoniic and Banlung Terms 


By W. J. Westov, M.A., B.Sc., and A. CnBW . JJet 
Econvmic Geography , ^ 

By Johfx'*McFjutLA.NB, M.A., M.Com. . . Net 

Economi<; Geography, The Principles of , 
ByrB.. N. Eudmose Brown .... .Net 
Economic Principles for Indian Readers 

By Dr. P. Bash .‘ Net 

Economics for Business Men 

By W. J. WE.STON, M.A., B.Sc. . . . Net 

Economics for Everyman 
By J. E. liE Bossiqnoi, .... Net 

Ecotj^omics of Private Enterprise, The 
By J. H. Jones, M.A. ..... Net 
Economics of the Manufacturing Business 
By W. A. Stew-Avt Jones, F.C.W.A., P.S.S. 
Economics : Princijlies and Problems 

By L.* D. Edii;. .Net 

Elements of Political Economy 
tfy Hr Hall, B.A. . . *. . . Net 

Guide to Political Economy 
By F. H. Spencer, D.fec., LL.B. . . . Net 

Industrial Combination in England ^ “ 

By P. Fitzobrald, D.Sc.(Econ.) . . * . Net 

Introduction to Business Economics * 

By J. Stephenson, M.A., •M.Com., D.Sc. 


15/- 

iq/6 

51 - 

10/6 

7/6 

.7/6 

3/6 

51 - 

7/6 

3/6 

16/- 

2 /- 

3/6 

6 

10/6 • 
8/6 • 


Introduction to Sociology and Social Problems 

By W. G. Beach. Net -6/- 

Labour, Capital and Finance ' 

By “ Spectator ” (W. W. Wall, F.J.I., F.S.S.) . Net 8/6 

Main Currents of Social and Industrial Change,' 
1870-1924 

By "F. G. Williams,. M.A. .... Net 5/- 
National Economics 

By E. Batten . . . _ . . . Net 6/- 

Outlines of Central, Government 
By John J. Clarke, M.A., P.S.S. ,. . Net 6/- 
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Ec^nomic§—contd.« 

• PRICE 

Ou^ines of Industcial and Social Economics 
By JtinN J. CjAitKE, M.A.„ F.S.S., and* James* ft. 

Phatt, A.C.I.S.• . . . Net, * 1/8 

Outlines of Local Government 

By John J. OlabkI; M.A., F.S.S. * . . Net 4^- 

Outline^ of the Economic History of England 

By H. O. MEliEDlTH.jM.A.jM.Com. . .. . Nc* 7/6 

Plain Economics J* 

By Joi^t Lee, M.A., M.Com.Sc. . . Net 3/6 

Social Administration » 

By John J. Clahke, M.A., F.S.S. . . . Net 7/6 

Substance of Economics, The * 

By H. A. Silverman, B.A. .... Net 6/- 

BANKING AND FINANCE 

Answers to Questions Set at the Examina¬ 
tions of the Institute of Bankers 

By L. L. M. Minty, Ph.D.,*B.Sc., Econ., B.Com.— 

Foreign Exchange. Part I . • » • • Net 3/6 

Foreign Exchange. Part II . •. . .Net 3/6 

Economics. Part I .... . N«t 5/- 

Economica. Part II . . . .• . Net 6/- 

Banker as a Lender^ The . * . 

By F. E. Steele . . . . • . . Net 5/- 

Bankers’ Advances • 

By F,B. STEAn. Edited by Sm John Paoet, K.C. Net 6/- 

* Bankers’ Ad stances Against Produce 

By Aj Williams, A.I.B, .... Net 6/- 

. jankers’Credits 

By W. F. Spalding . .* . . .Net 10/6 

Bankers’ Securities Against Advances 

, By Lawrence A. Fooo, Cert. A.I.B. . . Net , 6/- 

Bankers’ Clearing House, The 

By,P. W. Matthews .Net 7/8 

Bankers’ Tests 

By F. B. Stead .Net 10/8 

Bank Organization, Management, etc. 

By J. F. Davis, M.A., D.Lit., LI..B. (Lond.) . Net 6/- 

Cheques. By C. F. Hannafokd . . . Net 6/- ^ 

Dictionary of Banking • 

By W. Thomson and‘L loyd Christian . . Net 
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BanVUig and Finance|—contd. 

. PftlCE 

Dictionary ot Banking Termji in Three 
LailgKages,> A Complete (English-French-* 
German) ■ “ 

By L. HE^aBN^>I . ^.Net ^1/- 

Dictionary’of the World’s Curreilcies and 
Foreign Exchanges , 

By W. F. Spaj^ing . ^ . Net 80/- 

Eqstern'Exchahge, Currency, and Finance 

By W. F, Spalding .,Net 15/- 

"^leiwents of Banking 

By J. P. Gandy .^ Net 2/- 

English l^anking Administration, An Outline of ,* 

By Joseph Sykes, B.A. (Hons.) . . . Net a/6 

English Banking Methods 
By L. L. M. Minty, Ph.D., B.Sc., B.Com. . Net 15/- 
English Composition and Banking Corre- 
sspondence 

By L. E. W. 0. Fdllbeook-L^ggatt, M.C., B.A. Net 6/- 
English Public Finance 

By Harvey E. FAsk „.Net 7/6 

Foreign Exchange and Foreign Bills in Theory 
and in Practice 

By W, F. Spalding . • • ■ Net 7/6 

Foreign Exchange, A Primer of 
By W. F. Spalding • . . . . . Net 3/6 

Foreign Trade, The Finance of i, , 

By W. F. Spalding . . . . • . Net 7/6 . 

Functions of Money, The , 

By W. F. Spalding .Net 7/6,. 

How to Succeed in a Bank 
By F. F. Steele . . . . * . . Net 3/6 

Intornational Trade Finance i 

By G. W. Edwards, Ph.D. . . . . Net 10/6 

London Money Market, The 

By W. P. Spalding .Net 10/6 

Modern Finance and Industry 
By a! S. Wade . ' . . . . . Net 5/- 

Money and the Stock and Share Markets 
^ By Emil Davies . . . • . . . Net 2/- 

Money, Exchange, and Banking 

’\jy H. T. Easton, A.I.B. . .* . . Net 6/- 
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Bankihi^ and Fin^cex-contd. 

• PBfCK 

Notes on Banking and Commercial Law 
By T. LAyd Davibs ‘ . Net 3/- 

' Practical Banking • ^ 

By J. P. G. Baoshaw, Cert. A.I.B. ’ . -. Net 7/6 

Inlks on Banking to Bank Clerks 

By H. E. Evans .Net SfB* 

Title D«eds Old and New 
By Francis R. Siead. *Bciug the Foij|th E^ti(?n 
of “ Title Deeds and Rudiments of Rea! Prapbrty 
Law ’* ^ Net 6/- , 

INSURANCE 

• —————— ^ 

Actuarial Science, The Elements of 
*y R. E. Underwood, M.B.E., F.I.A. . . Net 6/- 

Average Clauses and Fire-Loss Apportion- • 

ments. By E. H. Minnion, F.C.I.I. . . Net 8/6 

Building Construction, Plan Drawing, and • 
Surveying in Relation to Fire Insurance • • 

By D. W. Wood, M.B.E. , . . . . Net 6/- 

Burglary Risks 

By E. H. Geoct, B.Sc., A.0.1.1. , . * . Net 10/6 
Business Man’s Guide to Insurance, The • 

By A. Philpott ....... N^ 3/6 

Casualty InsurancBi . • 

By C. J. Crobaboh. M. A., and A. E. Bedding, B.S. Net 25/- 
Compound Interest, Principles of 
By il. n. Edward-s ..... Net 6/- 

Credit Risks, Commercial. By G. H. Swain Net 5/- 
Dictienary of Accident Insurance 
• Edited by J. B. Welson, LL.M,, F.C.I.I.. F.C.I.S. Net 60/- 
Fire Extinguishment and Fire Alarm Systems 
.By B. Northwood ... . . . Net 7/8 

•Fire Insurance, Common Hazards of • 

By W. G. Kubirr Bidley, F.C.I.I. . . Net 6/- 

Fine Insurance, Dictionary of 
Edited by B. C. Remington, F.C.I.I. . • Net 30/- 

Fire Insurance, Principles and .Practice of 

By F. Godwin .Net 6/- 

Fire Policy Drafting and Endorsements 

By W. C. H. Barley ■.Net 7/^ 

Fire Waste. ByG..E. Kbay . * . . . Net g/8 



I ij surunce—contjJ s 

( PRICE 

Guide to Marine Insurance 
By Henry Keayp, . . . . «■ . . *Net .3/6 

Insurance ‘ ^ 

By T. E. Young, B.A., F.K.A.S. . . Net 10/6 

Insurance Office Organization an^L Routine • 

®y J. B. WEr.soN, LB.M., F.C.I.I., F.C.I.S., and P. H. 
Sherrifp, JM.A. ...... rirt //6 

Insurance of P^.ofits. By a. f. M/»jken . Not 5/- 

InsiirancS’^of Public Liability Fisks 
By S. V. IflEKPATBICK, P.C.I.I. . . . l^t 5/- 

tkw and Practice as to Fidelity Guarantees* 

By C. Evans and P. H. Jones . . . .Net 6/- 

Law of Accident and Contingency Insurance 

By F. H. Jones .Net 7)'6 

•Life Assurance from Proposal to Policy 
By n. ITosking Tayia)r. F.I.A., A.C.I.I., and V. W. 

Tyi^pb, F.l.A..Not 6/- 

Life \ssurance, Guide to 

By S. G. Leioit, F.1.A.Net 5/- 

Marine Insurance of Goods' The 

By P. W. S. PooLQ.Net 15/- 

Motor Insurance. By w. p. todd . . Net 8/- 

Pensi<)p and Superannuation Funds, Their 
Ferniation and Administration Explained 
By Bernard HoBERnsiON, P.I.A., and H. Samuels Net S/- 
Pension, Endowment? Life Assurance, and 
Other Schemes for Commercial Companies • 

By H. Dougharty, P.C.I.S. . . . * . Net 6/- 

Pepsonal Accident, Disease, and Sickness* 

Insurance, The Principles and Practice of • 
By J. B. Welson, LL.M. . . . • NeJ 6/- 

Physiology and Anatomy 

By M. Gardiner, M.S., P.R.C.8. . . .Net 10/6 * 

Principles of Insurance 

By J. Alfred Eke .Net G/- 

Successful Insurance Agent, The 
By J. J. Bisgood, B.A,, F.O.I.S., J.P. . . Net 2/6 

Talks on Insurance Law 

By J. A. Watson, B.Sc., LL.B. . . .Net 3/6 

Workmen’s Compensation Insurance 
By C. E. Golding, LL.B., P.C.I.I. . . . Net 6/- 
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SHIPPING 


, PR)PE 

Case and Freight Costs 

By A. W.*K. Cbospkmj . . Net 8 /- 

* Exporters’ HaAdbook and Glossary,*The • * 

By F. M. Dtjdenet . . . ** . .. Net*' 7/6 

Bstporting to the.^i'orld. By a. a. FiiEeiApt) "t^t 21 /- 
How to^Export Goods. By F, M. Budeney . Net Sf-' 

How to Import Goods. By .T. a. dunnac® . N^t 2/- 

Import and Export Trade. By A. s. idfRvEY,<*Nct 21/- 
Importtr’sHandbooli.The. By,T.A.DuNNAqp Net io /6 
Manuarof Exporting • •• 

By .T. A.»Dunnage, F.S.S., F.C.I., A.M.Iiist.T. . Net 10/6 
Sllipbroking * 

lly C. D. MacMiikbay and M. M. Free . . Net 3/6 

Shipper.’s Desk Book, The. < 

By J. A. Dunnage .Net 3/6 

Shipping. By A. Hai.l and F. Heywood . Net* 8 /- 
Shipping and Shipbroking • • 

By 0. D. MacMdbray ani^ M. M. Ckee . . Net 15/- 

Shipping Business Methods 
By It. B. Paul . . . , . * . . Net 5/- 

Shipping Finance and Accounts • 

By It. B. Paul . . . . .Net 2/6 

Shipping Office Organization, Managemepf,* . 

and Accounts. By Alpeed CalTert . . Net 6 /- 

Shipping Terms and PhraseS 
By J. A. Dunnage .Net 8/6 

JECRETARIAL WORK, ETC. 

• 

Chairman’s Manual 

• By (JuRDON Palin, of Cray's Inn, Barrister-ai-Law, 
and Ernkst MAimN, F.C.I.S. . . . NeU 5/- 

Company Registrar’s' Manual, The 

By J. J. Quinlivan .Net 10/6 

Company Secretarial Work 
By E. Martin, F.C.I.S. . . ^ . . . Net 2/- 

Company Secretary’s Vade Mecum 
Edited by P. Tovey, F.C.I.S. . . . Net 3/6 

Debentures ' 

By F. SiiEWEtL Cooper, M.A., Btrrisler-al-T mio Net 67 - 
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Setretarial.Work, etd.-.-con1td'. 

D'ictionary of SecijetariarLaw arid Practice 
Edite<l by Phii^p Tovey, F.C.I.S. ., . .» Net 42/- 

Exatniiiafion Notes on Secretarial Piractice ‘ 

By*0. W. Adams,. A.C.I.S.Net 2/6 

Formafioiv anjl Management of a private • 

« Company ' 


By F. D. Head, B.A. 

. Net 

7/6 

Guide ioT the Company Seci^tar^ 

By AETifiiB Contes, F.C.I.S. 

. Net 

6/- 

GuWe to Company Secretarial Work 
-»By p. Oldham, A.C.I.S. 

• 

. Net 

3/6 

Honorary Secretaryship 

By W. B. •Thorne .... 

. Net 

A/6 

How to Become a Company Secretary 
By E. J. Hammond, A.C.I.S. . 

. i^et 

• 

3/6 


How to Become a Private Secretary 

By Z. E. MoLaohlan .Net 3/6 

Ho\{' to Take Minutes 

Edited by E. Makttn, P.O.I.S. ^ . Net 2/6 

Limited Liability Companies 
By B. Ashworth, E.C.iV, .... Net 10/6 
Meetings 

By F. D. Head, ‘B-A.Net 5/- 

Outlin^SL of Transfer Procedure in Connection 
with Stocks, Shares, etc. 

By F. D. Head, B.A. (Ox»ii), Barrialer-at-Law . Net 3/6 
Practical Directorship 
By H. E. CoLBSWoRTiiY, A.S.A.A., and S. T. Morris, 

A.S.A.A.Net, 7/6 

Practical Share Transfer Work 
By F. W. Ltddington . ‘ . . . . Net 3/6 

Prospectuses : How to Read and Uriderstantf 
Tljem 

By Philip Tovey, P.O.I.S. . * . . . Net 5/- 

Questions and Answers on Secretarial Practice o 

By E. J. Hammond, A.C.I.S.Net 7/8 

Secretary’s Handbook 

Edited by Sir H. E. B£ain, C.B.E. . . Net 5/- 

Transfer of Stocks, Shares, and Other 
Marketable Securities 

•By P. H. Head, B.A. •. . . . • . Not 10/6 
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TAX, 


•f-;- 

Income Tax and Super-Tax 

By E. oi’iCEit anS E. C. I^gler 

. Net 

raft* 

•12/6 

Income Tdx and Super-'Pax Praqtjce, 
Dictionary of 

T6y W. E. Snelli!»g, . . • . . • 

•Nbt 

25/- 

Income,Tax, Snelling’s Practical 

By C. W. CuiVERS ^ . . . 

Nftt 

3/6 

Income Tax Relief, Double 

By n.«E. Seed and A.*W. Rawlinson 

I 

. Net 

fO/6 

lncomd*Tax Reliefs 

By A. Vi. Rawlinson, A.C.A. 

• 

. Net 

20/- 

Income Tax, Super-Tax, and Surtax 
The New Law Explained 

By V. JValton. P\C.A., F.R.S.. F.R.Econ.S. 

• 

. Net 

7/6 


INDUSTRIAL ADMINISTRATION • 

• • 

Employment Management 

Compiled and Edited by Daniel Bloomfield . Net 8/6 

Engineering Factory Supplies* ’ 

By W. J. Hiscox.Wet 5/- 

FaCtory Administration in Practice* • 

By W. J. Hiscox .•.JJet • 8/6 

Factory Lay-Out, Planning and i*rogress 

By ,W. J. Hisoox.Net 7/6 

Factory Management 

By f. M. Atkins, M.A.Net 21/- 

Factory Organization * 

By C. H. Nokthcott, M.A., Pt.D., O. Sheldon, B.A., 

J. W. Wardrotpbe, B.8c., B.Coni., A.C.W.A., and 
■ L. UnwicK, M.A. . . • . . . . Net 7/6 

Fair Wage, A * 

gy E. Batten .Net 2/6 

Industrial Conflict 

By the Eight Hon. George N. Barnes . N^t 3/6 

Industrial Control (Applied to "Manufacture) 

By F. M. Lawson, A.M.I.C.E., A.M.I.Mech.E. . Net 8/6 

Industrial Organization 

By John 1.ee, M.A.. M.Com.So. • . . . Net 5/- 

17 



Industrial Administrattob—contd. 

• * PRIOt 

Industrial Organization, The Evolution of 
By F. Shields, M.A. . *10/$, 

Introduction to {sdustriat Administration, An 
By J. Lke, O.B.E., M.A., M.Com.Sc, . . Net 5/- 

Lecturfes ok Ihdustridl Administration * 

Edited by B. Muscio, M.A. 

Letters to an Absentee Director , 

By Joiis^EE . . / . 

Management * 

^ By J. Lisi. 

Moclern Industrial Movements 
Edited b 3 »D. Bloomi'ield 
N ew Leadership in Industry, The 

By S. A. I;EWISOIIN .... 

Outlines of Industrial Administration 
By,B. O. Hekkord, H. T. Hildage, and H. G. 

Jenkins .Net 6/- 

Pateifts for Inventions 
By J. Ewart Walker, B.A.t and B. B. Foster, 

B.Sc.Net 21/- 

Philosophy of Ma'nagement, The 

By Olwer Sheldon, B.A.Net 10/6 

Principles of Iifdustrial Administration, An 
Intraduction to • 

By A. I*. M. PlemiVg, O.B.E., M.Sc., M.I.E.E.. and 
H. J. Brocklehdust, Mding., A.M.I.E.E. . Net 3/6 

Principles of Industriai Weifare • 

By J. Lee, M.A.* . Net 5/- 

Problems of Labour • 

Compiled and Edited by Daniel Bloomfield . Net 8/6 • 

Research in Industry , , 

By A. P. M. PLE.VIINO, C.B.B., M.Sc., M.I.E.E., and 

J. <i. Pearce, B.Se., A.M.I.E.E. . . .Net 10/6 • 

Sharing Profits With Employees 

By J. A. Bowie, M.A.Net l<9/6 

Time Standardization of Workshop Operations 

By T» PILKINOTON ^.Net 16/- 

Welfare Work in Industry 

Edited by E. T. Kelly .Net 5/- 

UVorkshop Committees 

By C. G. Eenold . *. . , ^ . . Net 1/- 


. Jlet 6/- 

. Net 5/- 

. ^fet 5/- 

. ■ Net M/6 

« 

. Net 7/6 
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BUSINESSjORGANI^ATiOJSr AND 
MANAGEMENT 

American Business MethcKis j. 

By F. W. Pahsons, E.M. . . Net 8/6 

Bc.«iness ManagaiQent 

^3y Pebcival White .Net ‘ 

Business Management for Small Retailers 
By H. W. Tiieedam *■.».. " . ^et 3/6 

Card Index System. •.* Net 2/- 

Glubs aad Their Management 

By P. W. PixMY.Net TO/6 

Colliery Office Organization and Accounts 
5y J. W. Innes, F.C.A., and T. Colin Campbell, 

F.C.I.Net 7/6 

Commercial Management 

By C. L. Bolling .Net 10/6 

Counting-House and Factory Organization 
By J. Gilmour Williamson .... Net* *7/6 
Drapery Business Organization, Management 
and Accounts. By J. Ernest Bayi^y . Net 7/6 
Filing Systems. By E. A. Cope ’ . .Net 3/6 

Flour Milling Industry, Organization and ' 

Management of ffie. By E. L. Pearso . Net* ;.2/6 
Grocery Business Organization and Manage¬ 
ment. By C. L. T. Beeching and J. A. Smart Net 6/- 
Hire-Purchase Trading 

By Cl’nlipee L. Bolling .... Net 10/6 
Hotel Organization, Management, and , 

• Accountancy 

By G. Do Boni, Hotel Manager, and P. F. Sharles, 

P.S.A.A., A.C.I.S.* . . . . . .Net 10/6 

<l6w to Grant Credit , 

By CuTHBERT Grbig ..... Net 3/6 

How to Collect Accounts by Letter 
By C. Hannbpord-Smith .... Net 8/6 
How to Manage a Private Hotel 
By P. Hobbs .....*.. Ndt 3/6 
Manual of Duplicating Methods 
By W. Desborough ..... Net 3/- 
Oflice Machines, Appliances, and Methods 
By W. Desborough,’F.C.I .Net 6 ’- 



'Business Organization and Management—contB. 

Office Organizatidn and Management, 
tnciu(ling Secretarial Work * , 

By** Lawiience JU DirKSEfc, M.Com., F.C.A'., and 
Sm H. E. Blain, C.B.E. .... Net 7/6 
prgaffiz'afion'of a Small Business, The •*■ 

By W. A. Smith .Net 2/6 

Self-Qrganization for Business Men * 

By DkiNow, B.Sc. .* f . . Net 5/- 

Solicitor’s Office Organization, Management, 

* and Accounts * 

BjT E. a. Cope and H. W. H. Robins . . *ket 6/- 

Stockbroker’s Office Organization, Manage- ^ 
ment, and Accounts 

By ,T. R. Day .Net '7/6 


MUNICIPAL WORK 

Local Government of the United Kingdom, 
The * 


By J. J. Clarke, •M.Ayj P.S.S. 

. Net 

10/6 

Municipal Accounting Systems 



By S. WiilTEHBAD, A.S.A.A., A.C.I.S. 

. Net 

5/- 

Munltipal Audit Programmes , 



By the same Authon .... 

. Net 

3/6 

Municipal Book-keeping 



By J. H. McCall, P.S.A.A. . 

. Net 

7/6 

Municipal and Local Government Law 



By H. E. Smith, LL.B. 

. Net 

7/6 

Municipal Organization 

• 


By M. H. Cox, LL.B. .* . 

. Net 

51- 


Municipal Student’s Examination Notebool; 

S. Whitehead, A.S.A.A., A.C.I.S. . . Net 7/4 

Organization and Administration of the 
Education Department 

By A. E. IKDJ, B.Sc., LL.D.Net 7/6 

Organization and Administration of the 
Elettricity Undertaking 

By C. L. E. Stewart, M.I.E.E. . . . Net 6/- 

Organization and Administration of the 
Finance Departnvnt 

^y W. Bateson, A.C.A., F.S.A.A. , , Net 7/6 
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Municipal Work»-coptd. 

^ ^ priAh 

Organization and Administration of the Gas 
Undertaking » 

• By E* Upton, PS.A.A. IStet ^ 5/- 

Organization and Administration of a Muni- 
• cipal Engineei^^nd Surveyor’s DeparUhdiA 

By E. J. Elsord .Ket lO/fi" 

Organization and Administration of the 

Public Health Department | ^ * 

By W. A. Leonard, Chiff Clerk and SlaUsHcian i% Out » 
Pvhlic Health Department, Birmingham , , • Net 6/— 

Organization and Administration of the • 
Town .Clerk’s Department and the , 
tjustices’ Clerk’s Department 
By A. S. Wright and E. H. Singleton . . Net 7/6 

. Organization and Administration of the 
Tramways Department 
By S. B. N. Marsh, Accountant to the Birmingham * 
Corporation Tramways ..... Not , 8/- 
Orgamzation and Administration of the 
Waterworks Department 
By F. J. Alban, P.S.A.A., F.I.M.T.A., A.C.I.S. Net 10/6 
Principles of Organization * 

By W.'Bateson, A.C.A., F.S.A.A. . ., . Net 3/6 

• • 

ADVERTISING AND SALESMANSHIP ’ 

Advertisement Lay-Out and Cbpy-Writing 

By AS J. Watkins .Net 15/- 

Advertising and the Shopkeeper 

By Harold W. Euey '.Net 3/6 

Advertising and Selling > 

Edited jby Noble T. Praiqo .... Net 10/6 
Advertising Procedure 

*. By O. Kmppner .Net Bl/- 

Advertising Through the Press 

B}*N. Hunter .Net 5/- 

Advertising to Women 

By C. A. Naethbr, M.A. ..... Net * 31/- 
Building Retail Sales 

By C. C. Knights .Net 5/- 

Business Man’s Guide to Advertising • 

By A. E. Bull . . . ’. . .Net 3/6 
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Advertisinii anti Salesmaf&hip—contd. 

Buying Goods. bV a. E. Bull . . ^ Net 2/- 

Cofnmercial travelling. By A. if. Bull . N.t * 3/6. 
Craft of Silent SalesmanShip 
By 0^ IJifA^^WELL Tbbgurtua and J. W. Fbings Net 6/- 
Designs, Book of * • * “? 

By C. J. and L. S. Strong .... Net x6/- 
Effective Postal Publicity 

By Ma»^Iitt*bebg .Net 7/6 

Efficient Salesmanship * , 

• B;^F. W*SiuiUBSALL..Net 2/- 

Language of Advertising, The 

By J. B.»Opdyckb .* Net ]5/- 

Letter and Design, Studio Handbook ‘. 

By S. Welo .Net 12/6 

Lettering, Plain and Ornamental 

Bj E. (J. PooKs.Net 3/6 

Mail-Order and Instalment Trading 

By A. E. Bull .Net 7/6 

Mail Order Business, Conducting a 

By A. B. Bull ..Net 2/- 

Mail Order Organiz&tion 

By P.*E. WiLSjiN.Net 3/6 

ModM-n Advertising. Two Volumes . . Net ’ 63/- 

Moderft Methods .of Selling * 

By L. J. Hoenig . -.Net 10/6 

Modern Publicity. By A. W. Bean . . n.^. 2/6 

Modern Sales Correspondence • 

By D. M. Wilson .Net 5/- 

Outdoor Sales Force, The * , 

By P. E. Wilson Net 3/6 

Outline of Sales Management, An • • 

Bjf C. C. Knights, Salea Consultant . . Net 6/-» 

Practical Aids to Retail Selling 
By A. Edward Hammond .... Net . 7/6 
Practical Points in Postal Publicity 

By JlAX Bittbnbero .Net 7/6 

Practifcal Press Publicity 

By A. L. Culver .Net 3/6 

Practical Salesmanship 

By N. 0. Fowler, assisted by 29 expert salesmen, 

..etc.Net 7/6 
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. i\uverusing ana saiesmansnip—coma. 

• * rnicH 

Principles pf Practical Publicity • 

, ByT'RBMAN A. DE WtESE . . Ne^ lP/8 

Principles df Retailing » • 

By N. A. Bmsco, Ph.D. ... Net 16/- 

P^^chology as a Sales Factor • * 

• By A. J. Greenly .Net 10/6* 

, Sales Ma*nagement.^ By o. l. Bolunc . Net. 10/6 
Salesmanslyp * ^ 

By W. 4 . CORBION and «. E. Gmmsdale . Net 8J'6 

Salesmanship- * 

By C. H. Fernald, M.B.A.Net l8/- 

Saksman^ip, Technique of • 

By 0. C. Knioiits .Net 5/- 

.Salesmen’s Agreements. . . .Net 5/- 

Scene Painting and Bulletin Art 

By F. H. Atkinson .Net 16/- 

Selling Policies , , 

By Paul U. Converse .Net 21/- 

Shop Fittings and Display 
By A. E. Uammond . . . •. . Net 5/- 

“ Show At ” Sho’ Cards, A * 

Byjp’. H. and G. W. Atkinson . ... Net 16/- 

Show Card Writing,,The Art of • 

By L. J. and C. .T. Stkono . ... . N€t 16/- 

Sign Painting. By F. H. Atkins^jn ■ . . Net 16/- 

I Storecraft. By 8. A. williams, M.A. . . Net 3/6 

Successful Buying. By E. N. Simons . . Not 10/6 

Succe^ful Retailing. By the same Author . Net 5/»- 

' Ticket and Showcard Designing 

By F. A. Pearsom .Net 3/6 

Training for More Sales 

* By C. C. Knights, Sales Consultant . . Net * 5/- 

Training for Travelling Salesmen 

By F. W. SimuBSALL.Net 2/6 

Training in Commercial Art 
By V. L. Danvers . . ... .Net* 21/- 

Types and Type Faces 

Reprinted from “ Modem Advertising ” „ . o« 

By C. M. Treoubtha .Net ^/B , 

Window Dressing. .By G. L. Timmins . . Net 2/- 
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TRANSPORT' 


PKICX 


Commercial Air Transport 
Ey I^UT-CoL. Ivo Edwards, O.M.G , and F. "ymms, 
M^c7A.F.B.Ae-.S. . . _ . . . Nfet 7/6 

History and Economics of Transport, The 
By A. • W. Kibkaldy. M.A., B.Litt., M.Com., and _ 

‘ A. D. Evans .Net 16/- 

How to Send Goods by Road, Rail, and Sea 

By S. B. LisajsNDEN.Not 2/- 

Industr'xf l TraflRc Management 

By G. B. Lissenden .Net 25/- 

■' Modern Railway Operation 

By D. R. Lamb, M.Inst.T.Net 7/6 

Motor R6ad Transport. By J. Philumore . Net JO/6 
Port Economics 

By B. Cdnninduam, D.Sc., B.B., P.R.S.E., 

M.Inst.C.E.Net 6/- 

Rai’way Rates : Principles and Problems 

By P. Burtt, M.Inst.T.Net 6/- 

Railway Statistics : Their Compilation and 


Use. By A. E. Kibkus, d.B.E., M.Inst.T. . Net 5/- 
Rights and Duties of Transport Undertakings 


By B;. B. Davies, M.a'. .... 
Road Making and Road Using 

. Net 

6/- 

By'f. Salkield, M.Inst.C.E., M.Inst.T. . 
Traders’ Rail Charges Up to bate 

. Net' 

' 7/6 

By J. W. Parker, A.M.Inst.T. 

. Net 

3/6 


WORKS OF REFERENCE, ETC. 
Business Building 

Edited by F. F. Sharles, F.S.A.A., A.C.I.S. 2 V'ols. Net 42/- 

Business Cycles. The Problem and Its Setting 

B^ W. C. Mitchell .Net 30/-- 

Business Forecasting and Its Practical Appli¬ 
cation. By W. Wallace, M.Com. (Lend.) . Net 7/6 
Business Man’s Encyclopaedia 
Edifel by J. A. Slaijer, B.A., LL.B. Four Vols. Net £4/4/- 
Business Man’s Guide 

Edited by J. A. Slater, B.A., LL.B. . . Net 6 /- 

Business Statistics 

By R. W. Holland, O.B.E., M.A., M.Sc., LL.D. Net 3/6 
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wurKs oifiveierence, eicr-—^onia. 

FKIVU 

Business Terms, Phrases, etc. .. . Net .3/6 

•Cable and JVirdess Communications* of the * 

World, The * • 

^ F. J. Biiown, C.B., O.B.Ji., M.A., B.Sc. . .. Wat 7/6 

Charting, Manual 6f .* Net 6/-* 

’ Charts and Graphs 

By Kakl G. KAitSTEB, B.A. (Oxon) . ^ef 25/- 

Commercial Arbitrations • > 

By E. ». Pabby, B.Sc., P.I.C., P.C.S. . ..Net 3/6 , 

Commefcial Commodities * 

By P. Ma,tthews, B.Sc., A.I.C., P.C.S. . . , Net 12/6 

Cohimercial Contracts. By E. J. Parry . Net 5/- 
Co'mmercial Self-Educator 
• Edited by E. W. Holland, O.B.E., M.A., M.Sc., LL.D. 

Two Vols. ....... Net 30/- 

Commodities of Commerce • 

By J. A. Slater, B.A., LL.B. . . . Net. 6 /- 

Cotton World, The , 

Compiled and Edited by J. A. Todd, M.A., B.L. . Net 5/- 

Dictionary of the World’s Conynercial 

Products * 


B;^J.'A. Slater, B.A., LL.B. (Lond.) .» . Net 3/6 

Discount, Commissipn, and Brokerage Tables* . 

By Ernest Heavinoham .Net 1/6 

Empire Consols. By J. f. darmno, c.b.e. . Net l/- 
Financial Statements, Analysis of 

By H. G. GUTfUMANN.Net 21/- 

Fruit and the Fruit Trade . 

• By P. Paibford . . .^ . . . Net 6/- 

Guide to the Improvement of the Memory 
Py th# late Bev. ^T. H. Bacon ... Not 1/6 

Handbook on Wills, A. By A. u. cosway . Net • 2/6 


History, Law, and Practice of the Stock 
Exchange, The 

By A. P. PoLEY, B.A., and P. H. Gould . Net 


7/6 


How to Secure a Good Job , . • 

By W. Leslie Ivey ..... Net 3/6 
How to Use a Banking Account 

By C. Bidwell . ..Net 3/6 

Investor’s Manual, The • 

By W. W. Wall, P.S.S., P.J.I. . . .Net 3/6 





Worlds of Reference, etc.—contd. 


PRICB 


Mejeantile Terms and Abbrevig^ons. ' Net 
Money and the Stock and Share Max'kets, The 

. 1/6 

By "Emil Davies'''. 

Money Making in Stocks and Shares 

. Net 

2 /- 

to 

~ By S. A. fesELBT .... 

. Net 

7y6 

Public Speaking. By P. H. Kirkpatrick 
Public l^eaki^'^g. Essentials of 

By W. u Dubois, A.M., LL.B. 

Romance, of World Trade, The 

. Net 

5/- 

. Net 

8/6 

” Bj A. P. Dennis, Ph.D., LL.D. 
Shareholder’s Manual, The 

. 'Net 

15/- 

By H. H. Bassett. 

. Net 

‘8/6 

Statistical Methods. By P. c. mills . . Net 

Statistics and Their Application to Commerce 

15/- 

By A. L. Boddinqton .... 

. Net 

12/6 


LA\V 

Bankruptcy, Dee^ds of Arrangement, etc. 

By Wr Valentine Ball, M.A., Ilarriitler-al-Late Net 12/6 


Bills, Cheques', and Notes 

B, J. iV. Slater, B.A., LL.B. ■. . . Net 6/- 

Business Tenant, The 

By Edward S. Cox-SiNCLA1R, Barrialer-at-Law, of 
Gray's Inn, and T. Hynes, Barrister-at-Law, 

LL.B.. Net 7/6 

Commercial Law of England, The 

By J. A. Slater, B.A., LL.B. (Lond.) . . Net 8/6 

Companies and Company Law 
By A. C. Connell, LL.B. (Lond.) . . . Net 6/- 

Cotppany Case Law 

By P. H. Head, B.A. (Oxon) . . . .Net 7/6 

Company Law 

By D. P. DB L’iiokte IJankino, M.A., LL.D., and 

Ernest Evan Spicer, P.C.A. Net 10/- 

Elements of Commercial Law, The 
By A. n. Doudlas, LL.B. (Lond.) . . . Net 2/- 

Elementary Law. By E. A. Cope . . .Net 4/- 

*Examination Notes «n Commercial Law 


By B. W. Holland, O.B.E., M.A., M.So., LL.D. . 
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Net 2/6 




’I^yaw—contd. 

Examination Notes on Company Eaw 
, By'K.JV. Holland, (».B.E.,M.A.,M.Sc.,LL.*D. . Net *2/8 
Guide to Cftmpany Law • ,, ' * 

By 11. W. Holland, O.B.B., M.A., M.Sc. LL.H. . Net 3/6 
G&ide to Railway'taw • • .* ’ * 

• By Authur E. Chapman, M.A., LL.D. (Camb.) . Net 7/6* 

Introduction to Commercial Law , 

By Norman A. Web^ B.SK;. . . . 5/- 

Law for^Jo&rnalists • * » 

By Charles Qillby, Barrialer-at-Law . . • Set 5/-, 

Law for the House-Owner * 

B,y A. H.'Cosway .Net 2/6 

Laj^ of Carriage by Railway, The. In Great 
Britain and Ireland 

By L. ’R. Lipsett, M.A., LL.D., and T. J. D. 

Atkinson, M.A .Net 60/- 

Law of Contract, The • 

By R. W. Hoiaand, M.A., M.Sc., LL.D. . Net, pl- 

Law of Repairs and Dilapidations 
By T. Cato Worspold, M.A., LL.D. . . Net 8/6 

. Law Relating to Building and ^onCracts 

By W. T. Crbswell, Barrinler-aU Law . . N^t 7/6 

La\b Relating to Secret Commissions and 

Bribes. By Albew Grkw, Barri«ier-ai-Law . ^et* J.0/6 
Law Relating to Carriage by Land 
By S. W. Clarke, Barrister-at- Law . ■ _ . . Net 7/6 

. Law Relating to Trade Customs, Marks, etc. 

By LAWRBNcfi Duckworth, Barrvtter-aULaw . Net 1/3 
Legal ^Aspect of Commerce, The 

• • By A. ScHOLPiBLD, M.Com., A^.I.S. . . Net 7/6 

Legal Terms, Phrases, and Abbreviations 

By B. A. Cope ‘ . . ,. • • .Net 8/- 

^ercantile Law • 

By J. A. SiATER, B.A., LL.B. (Lend.) Fifth Edition, 
l^vised by R. W. Holland, O.B.B.. M.A., M.Sc., 

'LL.B., of the Middle Temple . . . . Net 7/6 

Outlines of Company Law 
By F. D. Head, B.A. (Oxon) .... Net 2/6 
Partnership Law and Accounts 
By R. W. Holland, O.IJ.E.. M.A., M.Sc., LL.D. Net 6/- 
Principles of Marine Law 
By Lawrence Duckworth .... Net 7/6 

91 




Law—contd.^ 

PEICB 

Questions and Answers on CommerciaLLaw 

By H W. HoLj^n . . I^et ' 5/-, 

Questions and Answers on Company. Law 
By G. William Fortune, F.S.A.A., F.C.l.S. (Hons.), and 
D. R. MA'tflEfON, M.A.'(Hons.), A.S.A.^. (Hons.) Net 
Aailway Act, 1921, The 

ByB.P.GBiPPiTirs,F.C.I.,F.B.E.A.,Grad.Inst.T. “Net 2/6 

Railt^ay^ (Rebates) Case La\.' 

By Geo.-B. Lissendbn . . . . '. Net 10/6 

Rights bed Duties of Liquidators, Trustees, 
s.nd Receivers, The 

By D. P, DB L’hoste Ranking, M.A., LL.D., Ep.nest 
Evan Spicer, F.C.A., and Ernest C. Pbqler, " 

F.C.A.Net M/- 

Solicitor’s Clerk’s Guide 

By E. A. Cope. Not 4/- 

Trusts ; Law, Administration, and Accounts 
By C. Kelly and J. Cole-Hamilton . . Not 15/- 

Wills, Executors, and Trustees 

By R. W. Holland, O.B.E., *.A., M.Sc., LL.D. Net 2/6 

" < 

COMMON COMMODITIES AND INDUSTRIES 

‘ Each hook in crown 8vo, UlusJ^rated. 3s. net. 

In each of the handbooks in this series a particular product or 
industry is treated by an expert writer and practical man of 
business. Beginning with tlic life history of the plant, or other 
natural product, he follows its development nntU it becomes a 
commercial commodity, and so on through the various phases 
of its sale in the market and its purchase by the consumer. 

A\:ids, Alkalis, and Salts 
By G. H. J. Adlam, M.A., B.Sc., F.C.S. 

Alcohol in Commerce and Industry 

By, C. Simmons, O.B.E., B.Sc., P.I.C., P.C.S., late Superin¬ 
tending Analyd in the Government Laboratory, London. 

Aluminium. Its Manufacture, Manipulation, and MaikePng. 

By Georoe Mortimer, M.Inst.Met. 

Anthracite 

By A.‘ Leonard Sumk.'ers. 

Asbestos 

By A. Leonard Summers. 

bookbinding Craft and Industry 

By T. Harrison. 
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Cohimon Commodities and Ind1i8|ries—contd. 
Boot Shoe Industry. The 

• By It'S. H 4 HDINCI, Head of the Bool Bepariaiusni oh tlx Leeds 
Central Technical School. • 

Br«ad and Bread Baking 

By J. Stewart. 

*Brushm»ker, The 

. By Wm. Kiddieb. 

Butter and .Cheese , 

By C. Mk Walker Tisdale, F.C.S. ; and Jean JoNE.s,J}.D.F.f)., 
H.J}.'D..jyepntf~Mano(/cr of the Wenslcydale Pure Milk Society. 
Ltd. ‘ 

Button Iidlustry, The 

Ijy W. Unite Jones. 

. Carpets 

By Reotnald S. Brinton. 

Clays and Clay Products 
By Alfred B. Searle, Author oj “ The Ceramic Indi^trics 
Pocket Book," ele., etc. 

Clocks and Watches 

By G. L. Overton. 

Clothing Industry, The 

By Bt W. Poole, Head of the Clothiiuj Trades Depi., Leeds 
CmiraL Technical School, • 

Cloths and the Cloth Trade 
By J. A. Hdnter. 

Coal 

Its OHgis, UetUod oi Wotkmg, and Preparation for tbe Market. 

By Francis B. Wilson, M.Inst.M.E. 

Coal Tar , 

By A. R. Wabnbs, F.C.S., A.I.Jtcch.E., Lecturer on Coal Tar 
Distillation at Hull Technical College. 

Cocoa*and Chocolate Industry, The 

\ By A. W. Knapp, B.Sc., P.I.C. 

Coffee. From Grower to Consumer. 

By B. B. Keable, of Messrs. Joseph Travers A Sons. 

Cold Storage and Ice Making 

By B. H. Springbtt, Editor of “ Ice and Cold Slorage.’i 

Concrete and Reinforced Concrete 

By W. Noble Twelvetrbes, M.I.Mech.E., Author of “ Reitir 
forced Concrete," etc. 

Copper. From the Ore to tbe Metal. 

By H. K. Picard, MtI.M.M., Assoc. Royal School of Mines, 



^ Common Commodities and Industries—con'cd. 

Cordage and Cordage Hemp and Fibres- 

By T< \yooDHpusE and P. Kilooue, both of Dundee Technical 
Ci Jlegp. , „ * , * 

Corn Trafle, The British 

- By A. Barker. 

Cotton. From the Raw Material to the Finished Product. 

By U . .T. Pea^e. 

Cotton C>*)innlhg 

Ity A. S.'Wade. 

Cycle Industry, The 

By W. Grew. 

Drugs in’Commerce 

By J. Humphrey, Ph.C., F.J.I. 

Dyes 

By A. J. Hall, B.S(;.. P.I.C., P.C.S., Technical Chemist. 
Electric Lamp Industry, The 
By <}. Abncliffe Peroival. 

Electricity , 

By B. E. Neale, B..Sc. (Hons.), A.M.I.E.E., A.C.G.I. 

Engraving ,, 

By T., W. Lascblles. 

Expiosives, Modern 

By N. I. Levy, B.A., B.Sc., P.I.C., la>e of the Factories Branch 
Departi,lent of Explosives Supply. 

Fertiiizers „ 

By Herdert Cave. 

Film Industry, The 

By Davidson Bouoiiey. 

Fishing Industry, The 

By W. E. Gibbs, D.Sc. 

Furniture 

By, H. E. Binstead, Editor of “ The Furniture Eecord.” 

Furs and the Fur Trade 

By John C. Sachs. 

Gas and Gas Making 

By \y. H. Y. Webber, C.E., of the Gas Liqhi and Coke Company. 

Glass and Glass Making 

By P. Marson, Consultant upon Refractory Materials, etc.; 
Honours and Medallist in Glass Manufacture. 

‘Gloves and the Glove Trade 

By B. E. Ellis. ' 
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C«mmon L^ommoames ana inonsines—coma. 


Gold , 

By Bbn.tamin W^nr®. 

Gums and*Resins. Their dccurrence; Pro’pertira! and.Uses. 

Ernest J. Pahby, B.Sc., F.I.C., P.C.S. 

Incandescent Lighting ’ 

By S. I. I.EVY, B.A., B.Sc., F.I.C. 

Ink * . 

By.C. Ainsworth MitciuA,l, M.A., F.I.C. i, 

Intern^ij Combustion'Engines 
By J. OpiLL, M.I.A.E., Author of “Gas and Oil Ehgine Opera-,J 
tiin.” '» 

Iron and "Steel. Their Production and Manuiactpe. 

lly C. Hood, of the well-kiu/um firm of Messrs. Belt Bros,, Ltd. 

Irbnfounding 

By B. Whitei.ey. 

Jute Industry, The 

By T. WooDiiODSE and P. Kiiasocr, both of Dundee Tecimical 
Golleije. 

Knitted Fabrics 

By John Chamberlain, Vead of the Textile Department, 
Leieester Municipal Technical Schools t ayd James H. Quilteb. 

Lead» Including Lead Pigmenfs 

By J/A. Smythe, Ph.D., D.Sc., Header in Chemistry, Armstrong 
CWlege. ’ , 

Leather. From the R«w Material to the Finished Pjpdnc*. 

By K. J. Adcock. • 

Linen. From the Field to the Finithed Product. 

By S.I.FRED S. Moore. 

Locks and Lbck Making 


By E. J. Butter. 
’Match Industry, The 
By W. TIbpwortii Dixon. 

m 
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ly VV , lAEii 

;at Industry,“The 

ly Walter Wood. 

Motor Boats „, „ 

liy Major P. Strickland, M.I.E.E., M.I.M.B. 

Motor Industry, The , 

By Houack Wyatt, B.A., Hon. 6ec. oj the Imperial Motor 
Transport Council. 

Nickel 

By F. B. Howabd White, B.A. 


Oil Power ^ 

By Sidney H. North, A.Iii8t.P.T. 



Common Commodities and Industries—contd. 

Oiis. Animal, Vegetable, Essential, and Minera’ 

By 0 Ainswobth Mitchell, M.A., B.I.C, 

Paii'its and Varpishes 

By A. S, JennincxS, P.I.B.D., EdUm of "The Decorator" 
Exanurier in Painlere' uid Decorators’. Work, Ciiy and Gu-Utls 
^ of London Inalitute. ^ 

Paper. Its History, Sources, and Production. Secoitd Edition. 
By iIa^y a. j^Maddox, SUver Meda’lisi, Dapermaking^ 1009. 

Patent, smokeless, and Semi-Smokeles.! Fuels 
By J. A. GmcENE, A.M.Inst.P.T. ; and F. MollwO Pekkin 
' C.B.E., Ph.D.. P.I.C. ■ • 

Perfumery, The Raw Materials of 

By E. J.'Pakby, B.Sc., P.I.C., P.C.S. 

Photography 

By W11J.IAM Gamble, P.R.P.S., Author of “ Music Engraving 
and Printing." ^ 

Platinum Metals, The 

By Ernest A. Smith, A.R.S.M., M.lnst.M.M. 

Player Piano, The 

By D. Miller Wilson. 

Pottery 

By C. J. Nokb and H. J. Plant. 

Rice ' 

By C. E. Douglas, M.I.Mech.E. 

Rubber*?^ Production and Utilization ol the Raw Product. 

By C. Beadle and H. P Stevens, M.A., Ph.D., BM C 

Salt 

By A. P. Calvert, P.C.S., Author of "SaU ir. Cheshire." 

Shipbuilding and the Shipbuilding Industry 

■By J. Mitchell, M.I.N.A. 

Silk. Its Production and Manufacture. 

By Luther IIooper, Weaver, Designer, aid Manufacuurer. 

Silver 

By Benjamin White, Fellow of the Royal Statiatical and Royal 
hconomxc Societies. 

Soap. Its Composition, Manufacture, and Properties. 

By ^ILLIAJI A, S1MMON.S, B. 80 . (Lond.), F.C.S., Lecturer on 
Soap Manufacture at H.e Battersea Polytechnic, 

Sponges 

By E. J. J. Cresswell. 

Starch and Starch Products 

By H. A. Auden. M.Sc., D.Sc., P.C.S 1 



Common Cdmt^odities and’Industries—cohtd 
Stones an^ Quarries 

I B/ J^Aluin Hows', O.B.E., B.Sc., M.lnA.Min. and Met., 
Fellow of Urn Geological Society^/ London, ‘ • 

Straw Hats. History and'Manufacture. 

H. Inwards, Manufaduren 

, Sugar. Cane and Beet. 

By tlie*late Heo. Maiitineau, O.B., and Revised by R. C. 
Eastick. M.A. Fifth Uditio^. ’ ^ 

Sulphur and Allied Products 

By HaJIold A. Auden, M.Sc., D.Sc.. F.C.S. 

Talking 'MacRines 

By OoiLWE MiTcnEix. 

Teh. From Grower to Consumer. 

5y A. Ibbetson, of Messrs, Joseph Travers <fc Sms. 
Telegraphy, Telephony, and Wireless 
By Joseph Poole, A.M.I.E.B., Authm of "The Prcuiical 
Tdephone Handbook.*' ^ 

Textile Bleaching 

By AiEC B. Steven, B.8o. (Bond.), P.I.C., Lecturer an jiledih- 
ing. Dyeing, etc., at the Itoydh Technical College, Glasgow. 
,Timber. From the Forest to Its Use in^Commerce. 

By W. Bullock. * 

Tin and the Tin Industry 

B^A, H. Mundey. Second Edition. 

Tobacco. From Growit to Smoker. 

By A. E. Tanner, Chemical Oflirer in the Customs itm Excise 
Department. Second Edition, IteviSod by P. W. Drew. 

Velvdt and the Corduroy Industry 

By J. Herbert Cooke. 

Wall Paper 

• By G. Whitblby Ward, A«tAorj/'“Ar(andiA«PFaZi Paper,"ac. 
Weavipg. By w, P. Cbankshaw. 

^Wlleat and Its Products. By Andrew Millar. 

Wine and the Wine Trade. By Andr^ l. Simon. 

Wool. From the Raw Material to the Finished Product. 

By J. A. Hunter. 

Worsted Industry, The 

By J. Dumvillb and S. Kershaw. 

Zinc and Its Alloys 

By T. E. LONE.S, M.A.. LL.D., B.Sc. 

Each book <jown 8vo, clotlf., Price 3s. ne1 
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FOREIGN LANGUAGES 


FRENCH 

- ' PRICK 

Progressive French Grammar 

By I>ii, F.,A/Hedgcock, M,A., D.osiL."'- . . Net ' ^/6 


Commercial French Grammar 

By E. W. M. {^KAPBB, M.A., B.^^. 1^, . . Net 

FEcnch-feigliah and English-French " 
Cominercial Dictionary 
By P. W. Smith .T^et 

Manual of French Commercial Correspondence 

By G. W. Macdonald .Net 

Correct French Speech 
By B. Dumville, M.A., P.C.P. .... 


2/6 

7/6 

.V- 

1/6 


GERMAN 

A New German Grammar 
By J. Keegan, M.A, '.Net 5/- 

C 

Commercial German Grammar 
By J. ^miEiL, M.A. . . * . . Net 3/6 

German - English and .English - German 

Commercial Dictionary , 

By J. B1TI1EJ.L, M.A. ... . Net 16/- 

Commercial Correspondence in German. Net 3/6 


SPANISH 

* 

Spanish Commercial Grammar 

By C. A. Tolbdano .Net ‘4/6 

Spanish-English and English-Spanish 
Cornmercial Dictionary 

By O. R. Macdonald .Net 13/6 

Manual of Spanish CommerciM Correspondence 
By G. B. Macdonald, *.Net 4/6 
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FA’eign Languages—eontd. 

ITALIAN 

- Hiob 

BarettT’s Italian and English Dictionary 

('(iitipik'd by (ituiLinT.MO Combl^i and*.I*. Davunport. ’ 

-Ill two volumes (Reprinted) ... . ' ^^-t 25/- 

* « • * 

Imlian Commercial Grammar 
By liiTisi Ru'cr ^ . . Jict 4/ 

talian-English an^ Etf^lish-Italian 
Conjimercial Dictidnary 

By (i. y. Ma»donai.u. (In the I’ress.) 

Vlercantile Correspondence, English-Itai^ni 

Net 5/ 

PORTUGUESE 

• 

Portuguese-English and English-Portuguese 
Commercial Dictionary • 

By P W. .Smith . . . . . . Net* 16/ 

Practical Portuguese Grammar . . .set 7, 

^Mercantile Correspondence, ^.ngJish-Portu- 

guese..m3, 


PITMAt»i’S SHORTHAND^ 

For Corm>let(! List oi Textbooks, l*hi’a.s<- Books, 
^Dictation Books. Beading Books, etc., see IMtman’s 
“ ShoRTiA.ND and TYlT-.WlimNCi rATALOCaiK.’’ 


PitmiTti’c Shorthaad Instructor ... ^6 

• • 

Pitman’s Sjjprthand Commercial Course 4/6 

JPWhjjn’s Shorthand Rapid Course . • 4/6 

Shorter Course in Pitman’s Shorthand . i/- 

English and Shorthand Dictionary . . . lo/- 

Shorthand Clerk’s Guide 
By V. E. OOLUNOE, A.C.I.B.2/6 

Progressive Dictator ..2,'6 


Phonographic Phrase Book Paper 1/6, Cloth 2/- 




TYFKWRITINC 

RICK 

Pitman’s Commercial Typewriting 
By W, Hlltl ii'‘ W'ALMSt.lOV ..... 5/~ 

Pitman’s Typewfriter Mauual . . 6/ 

Businesr Typewriting ' _ 

* ■■ By F. HKELts.fC 

Advanced Typewriting 

Hv l»i»* same A’^thui- . . . . * . 3/6 

T<?uch T/, peW'titing for TeacTiers 
Jiv MAyAWii.L Bhookk, F.lii'j.’r.'r.. F.I.P..S.. 

F;r.T.s. (Ill.-.).7;6 

Touch Typewriting Made Easy 

By (i. B.’WiiifiiiT.• 2/6 

Practical Course in Touch Typewriting 
By C. K. Smith ..... 3/-. 

Dictionary of Typewriting 

By II. lOTHKiiiooE.Net 7/6 

Questions and Answers on Typewriting and 
Office Procedure 

By .tiiTHi n K. Mortox. 7/6 

Royal Society of, Arts Typewriting Tests 
By B. Mouton. No. 1. Elementary; No. 2. Intcr- 
ineiiifrt.e ; No. 2, Advanced. Each .... 2/6 

Mechanical Devices of the Typewriter 
By V.I'lOLsoN, M.A. . '. . . Net 6/- 

WoiK and Management of a Copying Office, 

The 

By (i. (!. Mexzu> .. . Nee 10/6 

Pitman’s Gramophone Method of Rhythmic 
Typewriting 

CompriHf's a coinplide set of specially aeranged 
gramophone mcords for use in the Touch T'me- 
writing Class and a series of carefully graded 
keyboard exercises ...... Net 

Exereises only ...... Each 1/6 

Vompleie hint post free on application . 

PITMAN’S SHORTHAND 

Invaluable to all Business and Professional Men 

g _j_ 

Sir Isaac Pitman & SonsjUd., Parker Street Kingsway, London, W.C.2 

I 

PRINTED IN CR^ '’HTTAIN AT TIIF PITMAN PRBSS RATH 
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